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PREFACE. 





t This little manual has been prepared for certain classes 
"> who take a short coarse in qualitative chemical work, to 
m attain some practical acquaintance with the materials of 
"^ every-day life, rather than to qualify as analysts. The 
~ j scope of the work includes a more definite study of bases 
and acids than is taught in ordinary courses of Experi- 
mental Chemistry, and a broader study of chemical char-' 
acteristics than is provided in the common rudimentary 
Qualitative Analysis. When a student, with but a few 
months to devote to chemical laboratory work, should gain, 
with a little of the training of experimental science, as 
much insight into chemical action as he can, it is not well 
that his attention should be all the time directed to a set 
of chemical peculiarities, prominent only because of their 
technical use in analysis. The schemes of qualitative ana- 
lysis furnish admirable avenues by which to reach the 
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chemical study of substances, but the schemes themselves 
are not especially important to those having no analytical 
work in view. 

The limits of this work, as a First Book, are farther 
explained by the circumstance that it is prepared, prima- 
rily, for use under teachers who also employ the author's 
larger work upon Qualitative Analysis. 

Most teachers using this book will direct the work of 
their classes upon methods of their own. But to any who 
may be undecided, the author offers the following Sche- 
dule; by references to explicit directions in the body of the 
work. It is advised that, for .every two or three hours of 
laboratory work, an hour be given to. recitation in the 

class- rQom. ; . • 

•* • « - 

1. A study, or review, of Chemical Notation and the first 

* * *■ 

principles of chemistry, with sufficient practice to be able 

to Write without reference the formulae of ordinary salts^ 

m ■ . . .... ... ' 

before commencing laboratory exercises. Paragraphs 1 to 
19, inclusive. 

2. . Laboratory exercise in precipitation of the metals from 
solutions of their salts, by Alkali hydrates, 23 to 26. As 
. to use of reagents, 20 and 21, 

3. Practice with the Alkaline E&rth metals, in kriowii 
solutions of their salts, as directed in 58. Require equa- 
tions, as explained in 47, foot-note, and see' that equations 
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for simple changes of transposition are clearly understood, 

before going on, ^ 

- , 

4. Laboratory practice with the Third Group Metals, 
and group separations, as directed in 125. It would be 
well to give some chemical problems, upon equations of 
the work, as introduced in 70, foot-note. 

5. Exercises with Second Group metals, and in separa- 
tion of the groups, 188. 

6. Exercises with the Acids (those of primary impor- 
tance), studying each in a solution of one of its salts, 197 
to 314. If time permits, equations for changes of oxida- 
tion and reduction, and analytical equations, may now be 
attended to. The insoluble salts, or precipitations, of each 
acid and base, to be made thoroughly familiar. Thus, 
ask for the precipitations possible with ferric sulphate 
(those common to sodium sulphate and those common to 
ferric nitrate). 

7. Practice in separation and distinction of Acids, in 
known mixtures containing salts of more than one acid, 
following the tables, at 317 to 319. 

8. Analysis of unknown mixtures of salts, in solid or 
solution, the mixtures to be so adjusted, and of sufficient 
variety, that the student cannot at all ascertain the com- 
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ponents without chemical work. Reports of results received 

after analysis of every five mixtures. 

The work with the bases and acids, in known solutions, 

should be faithfully and fairly done, even if the time 

does not admit of taking up analysis. 

Albebt B. Pbescott. 
Ubxvkbsitt of Michigan, 

September 5, 1879. 
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TABLE OF ATOMIC WEIGHTS 



AND 



QUANTIVALENCE OF THE ELEMENTS. 



(Only the principal degrees of Quantivalence are given.) 



Aluminium, Al 

Antimony, Sb 

Arsenic, As 

*fiarium, Ba 

■-Bismuth, B 

Bpron, B 

womine, Br 

Cadmium, Od 

Ceesium, Cs 

♦Calcium, Ca 

kCarbon, C 

Cerium, Ce 

*Cnlorine, i CI 

^Chromium, \$ 

Cobalt, x Co 

Copper, Cu 

Didymium, D 

Erbium, E 

Fluorine, F 

Gallium, 

Glucinum (Be), G 

Au 

H 

In 

I 

Tx 

Fe 

La 

Pb 

Li 

Mg 

Mn 



Gpld, 
•Hydrogen, 
Indium, 
^dine, 
Iridium, 
tffon, 

Lanthanum, 
Kliead, 
Lithium, 
^Magnesium, 
Manganese, 



IV* 


27-3 


HI.V 


122- 


ni.v 


75- 


ii 


137- 


IU.V 


210- 


in 


11- 


i,v 


80- 


ii 


112- 


i 


133- 


ii 


40- 


IV 


12- 


II 


92- 


I.V 


35-5 


IV*. VI 


52-4 


n, iv* 


59- 


"t 


63-3 


ii 


95- 


ii 


112-5 


X 


19- 


II 


9-5 


I, III 


197- 


X 


1- 


IV* 


113-4 


I.V 


127- 


ir, iv*. vi 


198- 


n, iv* 


56- 


ii 


92- 


II, IV 


207- 


i 


7- 


ii 


24- 


II, IV*. VI 


55- 



Mercury, S Hg 

Molybdenum, Mo 

Nickel, Ki 

Niobium, Nb 

Nitrogen, y TS 

Osmium, Os 

Oxygen^' O 

Palladium, Pd 

Phosphorus^' P 

Platinum, Pt 

Potassium/ K 

Rhodium, Bo 

Rubidium, Rb 

Ruthenium, Ru 

Selenium, Se 

Silicon, v Si 

Silver, ^ Ag 

Sodium, v Na 

Strontium/ Sr 

Sulphur, \s S 

Tantalum, Ta 

Tellurium, Te 

Thallium, Tl 

Thorium, Th 

Tin, ^ Sn 

Titanium, Ti 

Tungsten, W 

Uranium, U 

Vanadium, V 

Yttrium, Y 

Zinc, ^ Zn 

Zirconium, Zr 



-t 

II, IV*. VI 
II, iv* 
V 
HI, V 

II, IV*, VI 

II 

11,1V 

III, V 

ii, rv 
i 

II, IV*. vi 

i 

ii, rv*, vi 

n, iv, vi 

IV 

i 
x 

ii 

II, IV, VI 

V 

II, IV, VI 

I, III 
rv 

ii, rv 

II, iv* 
iv, VI 
ii, rv* 
in, v 
ii 

ii 
rv 



200- 

96- 

59- 

94- 

14- 
198-6 

16- 
106-3 

31- 
197- 
3904 
104- 

85-4 
104- 

79- 

28- 
108- 

23- 

88- 

32- 
182- 
128- 
204- 
231-5 
118- 

50- 
184- 
120- 

51-3 

61.6 

65- 

90- 



* Pseudo-triads, as (AL,)vr, (Fe,)vi, etc. 

t In cuprous compounds, (Cu 3 )». In mercurous compounds, (Hgr a )". 
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QUALITATIVE CHEMISTRY. 



THE ALPHABET OF CHEMICAL NOTATION. 

1. A study of Qualitative Chemistry is a study of the indi- 
vidual components of matter, especially as to their deportment 
toward each other. Any portion of matter — whether solid, 
liquid, or gaseous ; shapeless, crystalline, or cellular — is made 
up of one or more distinct substances. Thus, a handful of iron 
filings may contain iron and two different oxides of iron, each of 
these being a distinct substance, a kind of matter that has the 
same qualities wherever found. A distinct substance, in this 
sense, is made up of molecules exactly alike. In the mixture just 
cited there would be at least three kinds of molecules : those 
of iron (ferrum), ferrous oxide, and ferric oxide. A mass made 
up exclusively of molecules of ferric oxide (Fe,O s ) would be 
strictly pure ferric oxide. 

2. A molecule is the smallest possible portion of a distinct 
substance. It exists free ; and it cannot be divided, or chemi- 
cally united to any other particle of matter, without changing 
its properties and entering into the formation of one or more 
other molecules, as least portions of new distinct substances. 
Thus, any quantity of water is only an assemblage of water 

15 
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16 Chemical Notation 

molecules ; and, if it be strictly pure water, all other molecules 
are absent.* 

3. An atom is an indivisible constituent of a molecule, it 
exists in combination, and its quality is in good part dependent 
upon its relations to other constituents of its molecule. The 
atom of chlorine, CI, is a part of the molecule of a common 
salt," KaCl,f and also a part of the molecule of " corrosive 
sublimate," HgCl a , J but these two substances are so unlike 
in properties that the presence of the same kind of atoms in 
the molecules of each has been discovered only by breaking up 
these molecules, and obtaining from each the same chlorine 
atoms, in a new combination. 

4. Only sixty-four kinds of atoms have as yet been discov- 
ered, and all the matter known in chemistry is made up of com- 
binations of these atoms. In the elementary bodies^ the mole, 
cules contain atoms of the same kind, in most cases united 
together in twos. Thus, the molecule of chlorine (free chlorine) 
is C1C1, or Cl 2 ; and the molecule of iron is FePe, or Pe . 
There are, then, sixty-four known elements. 

5. Although the atoms are not found to exist in the free state, 
their relative weight has been closely determined, and this 
relative weight, taking the weight of the hydrogen atom (H) as 
the unit, is given as the atomic weight. Oxygen (O) has the 

* Water, ice, or steam, each being chemically the same substance, in different phy- 
sical states. Chemistry is directly concerned only in the formation and character of 
molecules, not in their aggregation into masses visible to the eye or under the micro- 
scope. Chemistry enquires into matter as such, irrespective of the shapes of masses of 
matter. A snow-crystal is built wholly of water-molecules, but the building together 
of these molecules to make the crystal is not chemical action. A cell in a plant or ani- 
mal is built of chemical molecules, of more than one selected kind, but again this build- 
ing together is not at all chemical action. 

t Na, sodium ; &, chlorine ; sodium chloride. 

t Hgr, mercury ; CI, chlorine ; mercuric chloride. 

$ Sec list of the sixty-four elements, page 13. The term dement Is applied to a 
su balance not yet decomposed. 
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atomic weight, 16, and sulphur (S), 32. That is, the quantity 
of oxygen represented by its atom (O) is by weight 1G times 
the quantity of hydrogen represented by its atom (H). 

6. Chemical Notation has for its object to state the compo- 
sition of molecules, it is the written language of chemistry, 
common to chemical science all over the world. The alphabet 
of this language consists of the symbols of the sixty-four ele- 
ments, each symbol representing an atom. The symbol O re. 
presents sixteen parts of oxygen, as compared with the one part 
denoted by H, the hydrogen symbol, in practice, the parts 
may he taken in grains, grams, pounds, or other denominations 
of absolute weight. 

7. The molecule of calcium carbonate is made up of one 
atom of calcium (Ca), one of carbon (C), and three atoms of 
oxygen (O) ; thus, CaCOOO, or, more often, CaCO,, The small 
figures multiply the atom to whose symbol they are appended, 
as H,S, a molecule containing two atoms of hydrogen and ono 
atom of sulphur. By use of the parenthesis, collections of 
atoms are multiplied by small figures affixed, as Ca(KO,)„ a 
molecule containing one atom of calcium, two atoms of nitrogen, 
and six atoms of oxygen. Large figures multiply molecules to 
whose symbols they are prefixed, as 2CaCO„ two molecules of 
calcium carbonate. Punctuation points limit the effect of pre- 
fix figures, as 3MgCO,.Mg(OH) 9 , three of MgCO, united with 
one ofMg(OH),. 

8. The number of atoms must not be confounded with the 
weight of the atoms as expressed in parts. The molecule, H S S, 
represents two parts of hydrogen and thirty-two parts* of sul- 
phur the molecule, CO,, denotes twelve parts of carbon and 
thirty-two parts of oxygen. 

* See the Table of Atomic Weight?, p. 13. 
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9. QUANOTVAIiKN'GE. An atom of chlorine (CI) unites 
with one atom of hydrogen (forming HC1) ; therefore chlorine 
is styled a monad, or a univalent element, having one bond, and 
this capacity of combination is denoted thus, d'. An atom of 
oxygen holds two of hydrogen — H t O — and oxygen is a dyad, or 
bivalent element, having two bonds, and written O". in the 
molecule HH„ nitrogen holds three hydrogen atoms, it has 
three bonds, and it is marked XT", a triad, or trivalent element. 
Carbon is a tetrad, or quadrivalent element, C"", as shown in the 
molecule H 4 C. Also, in the molecule C""0" a , the four bonds 
of the carbon atom hold the four bonds of two oxygen 
atoms. In the table of the elements (p. 13) is given the 
number of bonds which each element exercises, in its dif- 
ferent conditions. Marks showing the number of bonds, as 
O", are convenient to the learner, to keep the quantivalence 
before the mind, but they are omitted in ordinary chemical 
notation.* 

10. ACIDS. An acid may be considered as a salt of hydro- 
gen. It consists of oxi Acid Radical \ united with hydrogen 
which can be exchanged for a metal (this being the formation 
of a salt). Oxacids are those whose radicals contain oxygen, 
as HNO,. Hydracids are those whose radicals have no oxygen, 
as HC1 ; their names begin with hydr and end with to. The 



* Examples for practice—to write compounds of the elements here given, so that, 
in the molecule written, each element shall have atoms enough to count In all the same 
number of bonds as the element with which it is combined : 



H' combined with 


Br* 


H' 


ti 


S" 


Ha' " 


u 


O" 


Oa" " 


«( 


O" 


Bi'" " 


ti 


01' 


Bi'" " 


«t 


0" 


Bn"" " 


u 


O" 


8n"" " 


«• 


01' 



t A Radical is a group of atoms, or a single atom, which retains its integrity while 
transferred from one molecule to another, and is a leading constituent of each. 
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Anhydride of an oxacid is what remains after removing its H* 
and enough O to form H.O with the H. Thus, the anhydride 
of H,S0 4 is SO $ , and carbonic anhydride is CO,, carbonic acid 
being H.OO,. 

11. Acids whose molecules contain but one atom of hydro- 
gen are termed monobasic, as HNO f and Hd; those with two 
atoms of hydrogen in the molecule, dibasic, as H t S0 4 and H,S ; 
those with three of hydrogen, tribasic, as H,TO 4 , etc. As hy- 
drogen is the unit of combining capacity (quantivalence), it fol- 
lows that the combining capacity, or the number of bonds of 
the Acid Radical, is expressed by the number of atoms of hy- 
drogen (the basicity) of the acid. We may write HNO„ with 
bonds for the acid radical, as H(KO,)' ; HC1, as HC1' ; H,SO 
H, (SOJ" ; and H,P0 4 , H,(POJ 



4* 



12. The following list embraces some of the more important 
acids. Their notation should be learned : 



notation. 


Vames of Acids* 


Vamos of Salts. 


hci, 


hydrochloric 


acid, 


forming 


chlorides. 


HCIO,, 


chloric 


tt 


u 


chlorates, f 


TTBr, 


hydrobromio 


a 


it 


bromides. 


HBrO,, 


bromio 


it 


a 


bromates. 


m, 


hydriodic 


a 


a 


iodides. 


HIO„ 


iodio 


a 


a 


iodates* 


HNO„ 


nitrio - 


U 


a 


nitrates. 


H.S, 


hydrosulphuric 


1 it 


a 


sulphides. 


H,S0 4 , 


sulphuric 


ti 


a 


sulphates. 


H.SO,, 


sulphurous 


a 


« 


sulphites. 


H.CO,, 


carbonic 


a 


a 


carbonates. 


H.CTO,, 


chromic 


a 


it 


chromates. 



* That is, its exchangeable hydrogen. In inorganic acids, all the hydrogen is out- 
side of the radical, and Is exchangeable for a metal; in other words, basic hydrogen. 
But in most organic acids, as H(0,H 8 Os), the radical itself contains hydrogen. 

t See paragraph 17. 



w 
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Notation. 
H,AsO„ 


Names of Acids. 
phosphoric acid, forming 
arsenic " " 


Names of Salts. 

phosphates. 

arseniates. 


H^eCy,, 
H 4 FeCy„ 


arsenious u " 
hydroferricyanic " " 
hydroferrocyanic " " 


arsenites. 

ferrioyanides. 

ferrocyanides. 


The following are classed as organic acids : 




HC,H,O s » 
H,C,0 4 , ' 


acetic acid, forming 
oxalic " " 


acetates. 
. oxalates. 



13. SALTS. A salt is formed by substituting a metal for 
the hydrogen of an acid. And, in this substitution, each bond 
of the metal displaces one atom of the hydrogen of the acid. 
Thus (in the formation of normal salts) : 

Salts* 
1 KHO t , potassium nitrate. 
K 3 S0 4 , potassium sulphate. 
K 8 P0 4 , potassium phosphate! 
CaS0 4 , calcium sulphate. 
Ca(NO s ) 2 , calcium nitrate. 
Bi(NO a ) 8 , bismuth nitrate. 
Ca,(P0 4 ) s> calcium phosphate. 
Bi a (S0 4 )„ bismuth sulphate.j 



Metals. 




* Acids. ,» 




K' 


with 


HNO, i 


brr 


2K' " 


tt 


H a S0 4 . 


a 


3K' 


« 


H,P0 4 


tt 


Ca" 


tt 


H a S0 4 


tt 


Ca" 


tt 


2HNO s * 


tt 


Bi" 


a 


3HNO, 


tt 


3Ca'' 


a 


2H 8 P0 4 f 


tt 


2Bi" 


a 


3H,S0 4 


tt 



* This may be given as follows : 



See paragraph 7. 



{ HMO s ( NO, ( 

Ca" with -j H ^ forms Ca -J ^ q displacing i 

") H 3 F0 4 | Ca"P0 4 "' HE) 
.") H 8 P0 4 Ca"P0 4 "' HH) 



H 
H 



Ca 

t Ca 

Ca 



X The Ptuient may practise writing salts formedfcy each of the following metals 
with each of the following acids : / 

Sodium, Na' > / Hydrochloric acid, HC1 

Magnesium, Mar" {■ -J Carbonic »• H*C0 8 

J r 



Bismuth, Bi' 



// 



Hydrosulphuric " H a S 
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14. K- normal salt is one (like all those above) formed from 
an acid by displacing all its hydrogen by just an equivalent of 
metal. An acid salt is formed by substituting, for a part of 
the hydrogen of the acid, an equivalent of metal. As follows : 

K' with H a S0 4 may form KHS0 4 , an acid sulphate. 
K' " H 8 P0 4 " KH 9 P0 4 " phosphate. 

2K' " H,P0 4 « ^HPO, " " 

Ca" " H s P0 4 " CaHPO, « 

Ca" " 2H,P0 4 " CaH 4 (P0 4 ), " " 

Monobasic acids do not form acid salts. 

A basic salt is the substitution of a metal in part for the hy- 
drogen of an acid and in part for the half or the whole of the 
hydrogen of water (H a O). That is, a basic salt is a compound 
partly of the nature of a salt and partly of the nature of a hy- 
drate or an oxide (see next paragraph). Thus, 

Bi'" i °" 

( (N0 3 ) r , written Bi0GN"O 3 , an oxy-nitrate of bismuth, is a 

basic salt.* Again, 

Pb" ((OH)' a 

Pb" \ (CO,)", written more compactly, Pb 3 (OH) (C0 3 ) a , a hy- 

Pb" ( (CO,)" 

dra-carbonate of lead, is termed a basic carbonate of lead.f 

A super- salt is formed by the combination of a normal salt 
with the anhydride of its acid (see paragraph 10). Example, 
potassium super-chromate, KgCrC^ . CrO s , or K a Cr a 7 . 

15. HYDBATES AND OXIDES of metals. A metallic 
hydvate is formed by substituting a metal for half the hydrogen 
of water (H a O), bond for bond. Thus : 

K' with H a O forms KOH, potassium hydrate. 

Ca" " 2H a O " Ca(OH) a calcium « 

Bi" " 3H a O " Bi(OH) 8 , bismuth " 

(Fe,)^" 6H a O " Pe a (OH) 6 , ferric « 

* The "sufenitrate of bismuth " of the pharmacopoeia. 
t The ordinary " white lead," used as a paint 



22 Chemical Notation. 

The (OH), left, as above, in combination with metals, as a 
fragment of the molecule of water, is termed hydroxy 1. It is a 
monad radical.* 

A metallic oxide is a union of a metal with O". The forma- 
tion of an oxide may be considered as the substitution of a metal 
for all the hydrogen of water (H,0). The following are exam- 
ples of oxides : 



K' a O, potassium oxide, 
0a"O, calcium " 



Bi'^O,, bismuth oxide. 
(FeJ^O,, ferric « 



16. It will be observed that the number of bonds of the 
metal equals** 

The number of bonds of O" in oxides 

" " (OH)' in hydrates. 

a t( acid radicals in normal salts. 

Also in basic salts, the bonds of O" and (OH)' are counted with 
the bonds of the acid radical, while in acid salts the atoms of 
H' are counted with the bonds of the metal. 

The molecules of the most of metallic salts contain the lowest 
numbers of atoms of base and acid compatible with the equality 
of bonds above stated, but this is not true in all cases. The 
established formulae of certain compounds (as Fe s d e ) are not 
in their lowest terms. The molecular weight (the magnitude 
of the molecule) is a fact of nature, established if possible from 
gaseous density and other evidences, and not merely a mode of 
expression subject to convenience of statement. 

17. NOMENCLATUKE. Among oxacids, those with the 
termination ic contain a greater proportion of oxygen than 
those ending in ous. Thus, H s S0 4 , sulphuric acid ; and H a SO a , 
sulphurous acid. If the name of the oxacid ends in te, the 
names of its salts end in ate (as Na a S0 4 , sodium sulphate) ; if 

* The combinations of hydroxyl are by some chemists termed hydroxides, instead 
of hydrates. 
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the termination of the acid is ous, that of its salts will be ite 
(as Ka a SO„ sodium sulphite). The salts of hydracids (para- 
graph 10) have names ending in ide (as Na 3 S, sodium sul- 
phide ; CaCl s , calcium chloride). 

18. The name of the metal receives the termination ous 
when it acts with a lower quanti valence (number of bonds) 
than another condition of the same metal, the latter being dis- 
tinguished by the ending ic. Thus, Fe"Cl 2 is ferrous chloride ; 
Pe a Cl 6 , ferric chloride ; Hg s O, mercurous oxide ; HgO, mer- 
curic oxide.* 

19. GROUPINGr OF METALS. In the systematic course 
of analysis, metals are separated into groups, as follows (omit- 
ting those not in common use) : f 

Group I. Metals forming chlorides insoluble in water: 

Lead — Pb" — The base of lead salts or plumbic salts. 
Silver — Ag' " silver salts or argentic salts. 
Mercury — (Hg 9 )" J <c mercurous salts. 



• The student may practise writing formulae for the following compounds (uniting, 
in torn, each base with each acid) : 



Sodium (NaO 
Zinc (Zn") 
Ferrous (Pe'O 
Ferric (Pej)" 



Chloride. 

Chlorate. 

Nitrate. 

Hydrate. 

Oxide. 

Sulphide. 

Sulphite. 

Sulphate. 



t The names, symbols, and number of bonds of these members of each group 
should be now learned, if the student is not already familiar with them. 

X In mercurous compounds the atoms have the apparent capacity of monads (Hgr')> 
but it is supposed that they are actual dyads, one of the two bonds of each atom being 
held by a fellow-atom (Hgr'-HffO. Molecules of mercurous compounds are found to 
contain an even number of atoms of mercury; therefore, it is said that two atoms have 
two bonds. 
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Group n. Metals whose sulphides are insoluble in water and 

are not decomposed by dilute acids : 

Mercury — Hg" — The base of mercuric salts. 
Copper — Cu" " copper salts or cupric salts. 

Bismuth — Bi'" u bismuth " or bismuthous salts. 

Tin — Sn" " stannous * 

Sn™ « stannic " 

Antimony — Sb'" " antimonious " 

Arsenic — As'" — forming arsenious acid, H s AsO s . 

As v " arsenic " H 3 As0 4 . 

Group HE, Metals whose sulphides are insoluble in water bitt 

decomposed by dilute acids ; also, metals of the 
earths : 

Zinc — Zn" — the base of zinc salts or zincic salts. 

Aluminium — (Al a ) VI " aluminium salts or aluminic salts. 
Iron _(pe,) vi * " ferric " 

Fe" " ferrous " 

Manganese — Ma" " manganous u 

Chromium — (Cr s ) VI " chromium or chromic " 

Cr VI forming chromic acid, H s Cr0 4 . 

Group IV. The metals of the Alkaline Ifiarths : 

Barium — Ba" — the base of barium or baric salts. 
Strontium — Sr" " strontium or strontic salts. 

Calcium — Ca" " calcium or calcic " 

Magnesium — Mg" " magnesium or magnesic salts. 



* As the molecules of aluminic and ferric compounds are found always to contain 
two or some multiple of two atoms of metal, it is stated that two atoms have six bonds 
(Fe 3 )", instead of giving the atoms as triads, Fe'". The term pseudo-triads is applied 
to these bases. It is, however, believed that the atoms are actually tetrads, united in 
pairs by one bond of each (Fe'"-Fe'")« This may be presented, for ferric chloride, as 
follows : 

ci en 

01 Fe-Fa 01 

ca oi 



Reaqexts. 
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Group V. The bases of the Alkalies : 

Ammonium — (MH 4 )' — the base of ammonium or amnionic 

salts. 
Potassium — K' — the base of potassium or potassic salts. 
Sodium — Na' " sodium or sodic 



« * 



THE REAGENTS USED IN QUALITATIVE TESTS. 

20. The substances most used in making chemical tests are 
called Reagents, and are supplied upon the table of the student 
in the laboratory. The greater number of the reagents are 
kept in the liquid state. ; a f€to are used as solids ; and some- 
times gases are .generated when wanted as reagents. Of the 
liquids, a few, like sulphuric acid, consist of the pure and abso- 
lute reagent substance, not. diluted, but the greater proportion 
are substances dissolved in much more than their weight of 
water. This water, simply a vehicle, and generally not under- 
going any chemical change while making tests, is not mentioned 
at all as one of the substances of a chemical operation. The 
greater number of tests are made with solutions, and most fre- 
quently the distinctive result is the production of a precipitate; 
that is, the formation of a new substance not soluble in the 
water present. 



* Examples for practice in writing salts, etc., the combination of each base to be 
given, in turn, with each acid : 



Silver 




Chloride 


Copper 




Nitrate 


Bismuth 




Sulphate 


Aluminium 




N Phosphate 


Lead ] 


Hydrate 


Ferrous 1 


Oxide 


Barium f | Nitrate 


Calcium J 




Phosphate 



Ammonium 
Magnesium 
Mercurous 
Mercuric 

Sodium 
Bismuth 
Antimonious 
Ferric 



'Hydrate 
Chloride 
Sulphide 
Carbonate 

Chloride 
Bromide 
Sulphide 
Oxalate 



2G Reagents. 

21. In the use of liquid reagents, they should in most cases 
be added drop by drop, observing the effect of the first addition. 
Unless engaged in separations, it is sufficient to take in the test- 
tube a quarter of an inch in depth of the solution under examina- 
tion, and to add thereto a few drops of the reagent. Not only 
economy but accurate work is favored by a very careful and spar- 
ing use of materials. Certain of the reagents, however, as specified 
below, must be used in pretty large proportions. In obtaining 
precipitates as a means of separation, the precipitation must be 
completed by adding the reagent gradually, as long as the addi- 
tion has any effect to increase the precipitate. In adding either 
acids or alkali hydrates to dissolve precipitates, the dissolving 
reagent should be used in as small quantity, so as to be as 
nearly saturated, as possible. 

22. REAGENTS. These may be mostly classed as Acids, 
Alkali Hydrates, and Salts. The strength of solutions adopted 
is that of Fresenius' standard.* 

Acids. 

Sulphuric acid, H 9 S0 4 . Nearly or quite absolute (i.e., free 
from water). Specific gravity, 1.843. 

Dilute sulphuric acid. A mixture of one part of the absolute 
acid with five parts of water. Add the acid, gradually and 
with stirring, in an evaporating-dish, to the water. 

Hydrochloric acid, HC1. A water solution, of specific gravity 
of 1.12; 24 per cent. acid. 

Nitric acid, HNO a . Specific gravity 1.20; 32 per cent. acid. 

ffitro-hydrochloric add, HN0 8 +3HCl=NOCl 1 +Cl-j-2E: 9 0. 
A mixture, made when wanted, of about one part reagent 
nitric acid to three parts, of reagent hydrochloric acid. 



* Reagents should be, for nearly all purposes, chemically pore. Tests as to purity 
can be made, without specific directions, by those who have had training in analysis, 
and the beginner most necessarily depend upon others for the selection of reagents. 
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Hydrosulphuric acid Solution, H a S. A saturated water solu- 
tion. Sufficient saturation can be ascertained by the odor, 
or by blackening of paper wet with lead acetate reagent 
and held over the mouth of the bottle, or by the bubbles 
coming outward after shaking the closed bottle and then 
slowly withdrawing the stopper or the finger held over the 
mouth. The solution is very dilute, and must be used 
abundantly. It soon loses strength. 

The gas is also applied as a reagent. For this purpose, 
it is generated' in a suitable apparatus, from ferrous sul- 
phide and diluted sulphuric acid (one part absolute acid to 
about eight parts of water), the gas being conducted into 
the solution under treatment. FeS4-H 3 S0 4 =FeS0 4 -f- 
H a S. (For proportions, see 275.) 

Acetic acid. HO a H $ O a . Specific gravity, 1.04; 30 per cent, 
acid. 

Oxalic acid. H a C a 4 . The crystals (H a C a 4 .2H a O) dissolved 
in ten parts of water. / 

Tartaric acid. H 2 C 4 H 4 6 . The crystals (anhydrous) dissolved 
in three parts of water. 

Chlorine water. CI. Water saturated with chlorine. It 
should bleach wet litmus-paper ; but for the iodine test, 
should be made very dilute. 

Alkali Hydrates. 

Potassium Hydrate, KOH ) Qne t rf ^ h drftte ^ 

Sodium Hydrate, NaOH ) 
solved in eight parts of water. 

Ammonium Hydrate. NH 4 OH or NH 8 -f H,0. A water so- 
lution of specific gravity, 0.96, and containing about ten 
per cent, of NH 8 , the anhydride. 

Calcium Hydrate. C$(OH) a . A saturated water solution of 
the hydrate (slaked*lime), containing about one part of hy- 
drate to 700 parts of water. 



. 
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Salts. 
Carbonates. 

Potassium Carbonate. KjCO,. Solution in five parts of 

water. 
Sodium Carbonate. Na a CO a . A solution of one part of 

the crystallized salt (Na a CO a .10H a O) in five parts of water. 

The dry salt is also used. 
Ammonium Carbonate. (NH 4 ) a CO a . One part of the 

crystallized acid carbonate, (NH 4 ) 4 H a (C0 8 ) a , in four parts 

of water, with addition of one part of ammonium hydrate. 

Sulphides. 

Ammonium Sulphide. Normal, (NH 4 ) a S. Super-sulphide, 
(WH 4 ) a S a . Acid sulphide, NH 4 HS. The acid salt and 
super-salt are yellowish in solution ; the normal salt has 
only a pale greenish tint. The . normal salt gradually 
changes to super-salt in the reagent bottles during use. 

Hydrosulphuric Acid or hydrogen sulphide (see Acids). 

Phosphates. 

Sodium Phosphate. Na 2 HP0 4 , disodium-hydrogen phos- 
phate, an acid salt. One part of the crystallized salt, 
Na a HP0 4 .12H a O, in ten parts of water. 

Oxalates. 

Ammonium Oxalate. (NH 4 ) 9 C a 4 . One part of the crys- 
tallized salt, (NH 4 ) a C a 4 .H a O, with 24 parts of water. 
Hydrogen Oxalate (see Acids). 

Chromates. 

Potassium Dichromate. K a Cr a O T or K a Cr0 4 CrO a , a super- 
salt. Solution in ten parts of water. 

Sulphates. 

Hydrogen Sulphate. H a S0 4 (see Acids). 
Magnesium Sulphate. MgS0 4 (see Magnesium Salts). 
Ferrous Sulphate. FeS0 4 (see Iron Salts). 

Chlorides. 

Hydrogen Chloride. HC1 (see Acids). 
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Ammonium Chloride (see Ammonium Salts). 
Calcium Chloride (see Calcium Salts). 

Bromides. 

Potassium Bromide. KBr. One part dissolved in fifteen 
parts of water. 

Iodides. 

Potassium Iodide. EX Solution in 20 parts of water. 

Ferrocyanides. 

Potassium Ferrocyanide. K 4 FeCy e . The crystallized salt 
(K 4 FeCy e .3H a O) dissolved in 12 parts of water. 

Ferricyanides. 

Potassium Ferricyanide. K,FeCy e . Solution in 12 parts 
of water. 

Sulphocyanides. 
Potassium Sulphocyanide. KCyS. Solution in 12 parts of 
water. 

• 

Ammonium Salts. 

Ammonium Chloride. NH 4 C1. Solution in 8 parts of water. 

Magnesium Salts. 

Magnesium Sulphate. MgS0 4 . Solution of the crystallized 
salt (MgS0 4 .7H a O) in 10 parts of water. 

Calcium Salts. 

Calcium Chloride. CaCl a . Solution of the crystals 

(CaCl a .6H a O) in 8 parts of water. 
Calcium Sulphate. 0aSO 4 . Saturated solution, containing 

one part of the salt to about 400 of water. 
Calcium Hydrate (see Hydrates). 

Barium Salts. 
Barium Chloride. BaCl 2 . Solution of the crystallized salt 
(Bad a .2H a O) in 10 parts of water. 

Iron Salts. . 

Ferrous Sulphate. FeS0 4 . Solution of the crystallized 
salt (green vitriol), FeS0 4 .7H a O, in lO^parts of water. 



4 < 
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Ferric Chloride. Fe,Cl e . One part of the solid salt, 
Fe a Cl e .6H a O^ to 15 parts of water. 

Copper Salts. 

Copper Sulphate. CuS0 4 . One part of the crystals, 
CuS0 4 .5H a O, to 8 parts of water. 

Lead Salts. 

Lead Acetate. Pb(C a H,O f ) 9 . One part of the crystals, 
Pb(C t H,O a ) a .3H s O (sugar-of-lead), dissolved in 10 parts 
of water. 

Silver Salts. 

Silver Nitrate. AgNO,. Solution in 20 parts of water. 

Mercury Salts. 

Mercuric Chloride. HgCl a . (Corrosive Chloride of Mer- 
cury.) One part in 16 parts of water. 

Mercurous Nitrate. Hg a (WO a ) t . One part dissolved in 20 
parts of water acidulated with one part of reagent nitric 
acid. 



THE QUALITATIVE CHEMISTRY OF THE METALS. 



23. Group V. The Alkali Metals. 

In common use. 

Potassium, . . , K' 
Sodium, .... Na' 
Ammonium, . . (MHJ' 



Of rare occurrence. 

Lithium,* . . . Li' 
Bubidiura, . . . Rb' 
Csesium, .... Cs' 



24. None of the metals of the alkalies are known to common 

life as free metals. They are too highly combustible to be 

* 

* Lithium is an alkali metal forming a sparingly soluble carbonate and an Insoluble 
phosphate. Its compounds impart a bright red color to the flame. 
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kept in contact with the air ; indeed they oxidize rapidly on 
contact with water, displacing half the hydrogen and forming 
hydrates, as follows : 

K + H a O = KOH + H 

Ammonium is the basic radical of ammonium salts, and, as 
such, has the characteristics of an alkali metal. The water 
solution of the gas ammonia, NH„ an anhydride, is supposed 
from analogy to contain ammonium hydrate, NH 4 OH, known 
as the volatile alkali. The other hydrates of this group, KOH 
and NaOH, are termed the nonvolatile or fixed alkalies. 

25. The hydrates and all the important salts of the alkali 
bases are soluble in water. These are the only bases whose 
carbonates, phosphates, and silicates are soluble in water. And 
the hydrates of all other metals are insoluble in water, except 
that alkaline-earth hydrates have a slight solubility in water. 

From their solubilities, as just stated, it will be observed that 
the alkali bases are not precipitated by any ordinary re- 
agents.* They can be changed from one salt to another — as 
from carbonate to chloride, and from chloride to sulphate — but 
in each case the new salt, like the old, is one soluble in water, 
and no precipitate appears. 

26. As stated in the preceding paragraph, the hydrates of 
metals not alkalies are mostly insoluble in water. Now, these 

* When a dissolved substance is made insoluble, so that it appears as a solid, formed 
in a liquid mixture, the substance is said to be precipitated. If the student will take 
some reagent solution of silver nitrate, In a test-tube, and add a drop or two of reagent 
hydrochloric acid, a white precipitate will be observed. The metal silver as a nitrate 
was soluble in water, but when it changes to chloride of silver it becomes insoluble in 
water, and appears as a precipitate. Again, add some reagent barium chloride to some 
reagent magnesium sulphate, and a precipitate is formed, namely : barium sulphate. 
The chemical change is this : 

Barium chloride + magnesium sulphate = barium sulphate + magnesium chloride. 
Each of the four salts named in this equation is soluble in water, except the one given 
In italics. (The use of solubility in chemical work is mentioned in paragraph 20.) 
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insoluble hydrates are precipitated, when an alkali hydrate is 
added to a solution of a salt of a metal not an alkali. Thus (the 
precipitate being given in italics) : 

Magnesium sulphate + potassium hydrate =magnssium hydrate + potassium sulphate. 

Bule for Precipitation by Alkali Hydrates : The Fixed 
Alkali Hydrates (KOH and NaOH) precipitate all bases not 
alkali;* the Volatile Alkali Hydrate (NH 4 OH) precipitates 
the bases oAthe first three Groups and Magnesium. 

The precipitates formed are the hydrates of the respective 
non-alkali metals, except in case of Mercury, Silver, and Anti- 
mony (for which see list below): 

The precipitates formed are, in certain cases, soluble in 
excess of the alkali hydrate ; vizi : excess of the fixed alkali hy- 
drates dissolves the precipitates of Pb, Sn, Sb, Zn, Al, and 
Cr ; and excess of ammonium hydrate dissolves the precipitates 
of Ag, Cu, Zn, Co, and Ni.f 

The following are the principal Precipitations by the Al- 
kali Hydrates (on their addition to solutions of soluble salts 
of the respective metals) :J 

Salts Treated. Precipitates Formed. 

Barium salts— With Fixed Alk.— Ba(OH) a — ft^Jg l * 80lublc ln 

Strontium " — " " — Sr(OH), — Sparingly soluble in 

Calcium « — " " — Ca(OH) — Slightly soluble in 

* **/« water. 

Magnesium " — With all Alk. — Mg(OH) 9 — ^ So i? ble B aL ammo ' 

Zinc li — u u — Zn(OH) — So1 - ty excess of 

v '* fixed or vol. alk. 

* The precipitated hydrates of Ba, Sr, and Ca being sparingly soluble in water, 
do not appear in dilute solutions. 

t To illustrate these statements, take some solution of zinc sulphate, and add am- 
monium hydrate, drop by drop. A precipitate appears, and after further addition dis- 
appears. Try silver nitrate solution with ammonium hydrate previously diluted with 
several parts of water. Try lead acetate solution in the same way with potassium 
hydrate. 

X It would be well for the student to go through the formation of these precipitates, 
as the first work in the experimental study of the bases. 
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Salt* Treated. Prfloipitatei JTcirmed. 

Aluminium salts— With all Alk, — - AyOH),— ^JJy^ 

Ferrous " " — " " — Po(OH), 

Ferrio " — « " — Fe,(OH), 

Manganous " — " " — Mn(OH), 

Chromic " — " " —Cr.fOH),-- 80 ^ c 



Copper " — « « — <M OH ).— ^Akal"* 8 <" 

Bismuth " — - " — Bi(OH), 

Tin.Su" « - « " -■MOHJ.-'UUX- <* 

Antimony « _ « « -Sb.O, -^.j^ " 

Mercuric " — With Fixed Alk. — HgO 

" — W ith HH 4 OH — jNH^Hg, Merciiranunonliiiii 



Mercurous " — With Fixed Alk.— Hg,0 

« — With NH .OH — ITH HK, Hercnroiu ammo- 

— AS O 8o1 ' lo e «esa or 

•***•'■' ml. alkali. . 



Silver 



-With all Alk. 



Lead 



— Fb(OH),- 



27. Solutions of the alkalies (i.e., the alkali hydrates) are 
caustic to the taste and touch, and turn red litmus- paper blue. 
This alkaline e fleet upon test-paper is given, also, by the car- 
bonates, acid carbonates, phosphates, and some other salts of 
the alkali bases. The hydrates and normal carbonates of these 
bases differ from those of other bases in the fact that they are 
not decomposed at a red heat. 



28. Ammonium is distinguished from all other base 
easy vaporization of all its compounds, especially of its 
(giving offNH,), see paragraph 38. 

Potassium and Sodium are found to be alkali bases 
precipitating in any of the groups, and are then dislir 
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from each other by the colors they give to a non-luminous flame 
(see, for potassium, paragraph 32 ; for sodium, 35). In spectral 
analysis, the alkali metals are very readily identified. 

Potassium.* 

t 29. In common use : 

The ffudrate, KOH ; " Potassa," U. S. P.f ; « Causti^potash." 
Carbonate, K,CO, ; three grades in U. S. P., " Impu* Carbo- 
nate of Potassium," " Carbonate of Potassium," and " Pure 
Carbonate of Potassium v ; older name, " Carbonate of 
Potash " ;*" Salt of Tartar," a name used for a grade made 
formerly, but riot at present, by igniting acid tartrate of 
potassium. 
Nitrate, KKQ V " Nitrate of Potassium," U. S. P. ; « Salt- 
petre"; "Nitre." • 
Chlorate, KCIO,. U. S. P. « Chlorate of Potash." 
Iodide, EX U.S. P. Bromide, XBr. U. S. P. 
Acid Tartrate, KHC 4 H 4 O e . "Bitartrate of Potassium," 
U. S. P. ; « Cream of Tartar." 

Potassium oempouttds are not as abundant as sodium* com- 
pounds in fflfe mineral kingdom, but they are required much 
more than sodium compounds by plants and animals, and have 
an important value as food, in " fertilizers " of agriculture, and 
in u mineral food " and medicines for man. Jn the laboratory, 
sodium compounds may usually be used \n place of potas sium 
compounds. 
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30. Except potassium Acid Tartrate t <&n& potassium Plati- 
nic Chloride, all ordinary salts of potassium are soluble in water. 
The chlorate 4§ -somewhat .sparingly soluble in water ; the chlo- i 
rate, sulphate, and carbonate, insoluble in alcohol. . 

* In Mineralogy, gjrtvite is potassium chloride ; Caraellite is potassium antfmagne. 
sium chloride ; Ortlwclase, or " potash feldspar," is a potassium aluminium silicate. 

t United States Pharmacopoeia. 
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31. Tartaric acid, H 9 C 4 H 4 6 , added to concentrated solu- 
tions, gives a crystalline precipitate of potassium acid tartrate, 
KHC 4 H 4 O e , * bitartrate," or " cream of tartar." The precipi- 
tation is promoted by adding alcohol, in which it is not at all 
soluble. The precipitate is not dissolved by acetic acid, but is 
dissolved by alkali hydrates (as by excess of potassium hydrate), 
this being due to formation of normal potassium tartrate, 
K„C 4 H 4 O tt , " soluble tartar," freely soluble in water. 

32. Potassium compounds color the flame violet. Try the 
solid or solution, on a loop of platinum wire, in the non-lumi- 
nous flame.* Moisten with a drop of hydrochloric acid, as the 
chloride is more volatile and gives a better flame-color than 
other salts. The color is seen through blue glass, a distinction 
from sodium, and the means of extinguishing the rich sodium 
rays which cover the violet when no glass is used.f 

Sodium. 

33. In common use : 

Hydrate, NaOH ; " Soda," U. S. P. ; " Caustic Soda." 
Carbonate, Na,CO, ; crystals, Na a CO,.10H a O, the " Carbonate 
of Sodium," U. S. P. ; anhydrous, the " Dried Carbonate 
of Sodium," U. S. P. ; crystals in commerce, " Sal Soda." 
" Bicarbonate of Sodium," U. S. P., is the acid carbonate, 
NaHCO,. The " saleratus " and u soda " used for baking 
is the acid carbonate mixed with more or less normal car- 
bonate of sodium. 
Chloride, NaCl, " common salt." J ( 

* If the platinum wire is not clean, and colors the flame, wash with hot water, or 
moisten with hydrochloric acid and hold in the flame until it ceases to give color. 

t Sodium compounds are so generally present in the atmosphere of the laboratory, 
and they give so strong a color, that the flame of potassium must usually he identified 
by use of the bine glass to cat off the color of sodium. 

X In Mineralogy, Halite is sodium chloride ; Natrolite, a sodium aluminium silicate; 
Albite, a sodium aluminium silicate ; Cryolite, a sodium aluminium fluoride ; " Cubic 
Nitre " or " Peru^an Nitre," sodium nitrate. 
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• Sulphate, Na a S0 4 . Crystals, Na,S0 4 . 10H,O, U. S. P. "Glau- 
ber's salt." 
Nitrate, NaN0 8 . " Peruvian Nitre." " Chili Saltpetre." 

34. The salts of sodium are soluble in water. The metal is 
not precipitated, in any ordinary combination. 

35. Sodium compounds color the flame intensely yellow, 
the color not being visible through blue glass. Traces of so- 
dium compounds so small as to be unimportant impurities in 
other salts give the yellow flame. 

Ammonium. 

36. The Anhydride, NH„ ammonia, is gaseous in ordinary 
conditions. The water solution containing 10 per cent, of this 
NH,, is the Reagent, considered a solution of the Hydrate, 
NH 4 OH. " Water of Ammonia," U. S. P., has the same 
strength a§ the reagent (spec. grav. 0.96). "Stronger Water 
of Ammonia," U. S. P., represents 26 per cent, of KH 8 (spec, 
grav. 0.90). There are, in common use, the 

Chloride, NH 4 C1, "Chloride of Ammonium " of the U. S. P. ; 
older names being u muriate of ammonia," li hydrochlorate 
of ammonia," and u sal ammoniac." 

Acid Carbonate, (NH 4 ) 4 H a (C0 8 ) 8 , the (( Carbonate of Ammo- 
nium " of the U. S. P. « Sal Volatile." « Salt of Harts- 
horn." 

37. The salts of ammonium are nearly all soluble in water, 
those leas' - , soluble coinciding with the sparingly soluble potas- 
sium salts. The. acicrtartrate may be mistaken for that of 
potassium, 

38. Any salt of ammonium, treated with potassium hydrate, 
or sodium hydrate, or calcium hydrate, and warmed, evolves 
ammonia gas, NH 8 , recognized by its odor, and by turning 
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wetted red litmus-paper blue, when a strip is held in the mouth 
of the test-tube.* 

NH,C1 + KOH = KC1 + UBi, + H a O 

Thi3 test is not hindered by presence of other bases, and in 
systematic analysis the test for ammonium is made in a portion 
of the original solution. 

39. The hydrate of ammonium solution gives off ammonia 
at atmospheric temperatures. Ammonium salts are not vapor- 
ized at boiling water heat, but, after evaporation of the water of 
solutions, increase p£ heat (the residue being on platinum foil) 
easily dissipates the residue, a distinction from other alkali 
bases.f The only other base whose salts are readily volatilized 
is mercury (arsenic being classed among the non-metals). 

40. Ammonium compounds are capable of oxidation, by 
strong oxidizing agents, as permanganates, with formation of 
nitric acid or its salts. This change occurs to some extent in 
the atmosphere, and in rivers. By reverse change, action of 
reducing agents, as zinc in potassium hydrate solution, produces 
ammonia from nitrates. 

41. Group IV. The Alkaline Earth Metals. 



Barium, Ba" 

Strontium, Sr" (little used). 



Calcium, Ca" 
Magnesium, Mg" 



42. Barium, Strontium, and Calcium, oxidize in the air too 
rapidly to be use4 in the arts, in the metallic state. Magnesium 
can be kept in the air, as a free metal, but it burns brilliantly 
when ignited. In basic power, and in alkalinity of the hydrate, 
barium is strongest of the four and magnesium the weakest. 

* Avoid touching the paper to the side of the tube, wet with the fixed alkali added. 

t Residues of potassium and sodium salts melt, when heated on platinum foil, and 
becoming transparent may be taken as haying vaporized. 
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43. In water solubility, the alkaline earth hydrates and 
sulphates have an orderly gradation as follows : 

Sulphates. 
Barium, practically insoluble. 

Strontium, in ab't 7000 p'ts w'r. 

Calcium, " 400 

Magnesium, " 3 



Barium, in ab't 15 p'rts water. 
Strontium a 60 " 
Calcium, " 700 " 
Magnesium," 6000 



it 



it 
it 



The carbonates and phosphates are insoluble in water. Cal- 
cium oxalate is insoluble, the other oxalates of this group 
sparingly soluble: barium chromate is insoluble, tl\e other 
chromate3 more soluble. 
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40 Barium. 

45. The four alkaline earth metals can be separated from 
other metals, and each other, as follows : The four, from metals 
of the first three groups, by not precipitating with ammonium 
sulphide ; and from alkali metals, by precipitating with carbo- 
nates. Magnesium, from the other three, by not precipitating 
with carbonates in presence of NH 4 C1 ; also, by not precipitat- 
ing with sulphates even in concentrated solutions, and by pre- 
cipitating with ammonium hydrate. Barium is separated from 
calcium by precipitating with potassium dichromate ; also, by 
precipitating with calcium sulphate solution. Calcium is dis- 
tinguished from the other three metals, by first making and 
filtering out any precipitate by sulphate and then obtaining a 
precipitate by oxalate.* 

Barium, f 

46. Barium hydrate is moderately soluble in water (43), the 
solution being caustic. The chloride is much used as a reagent. 
The chief insoluble salts are the carbonate, sulphate (a good 
separation from magnesium), chromate (colored, separation 
from calcium), the phosphate, and iodate. 

47. Solutions of barium salts, with carbonates, form a precipi- 
tate of barium carbonate, BaC0 8 , white ; with sulphates (includ- 
ing sulphuric acid), a precipitate of barium sulphate^ BaS0 4 , 
white (not dissolved by hydrochloric acid) ; with chromates, a 
precipitate of barium chromate, BaCr0 4 , yellow ; with phos- 
phates, a white precipitate, BaHP0 4 from two-thirds metallic 



* If ammonium oxalate is added to the dilate eolation of calcium sulphate, the re- 
sult will show how much less soluble is oxalate than sulphate of calcium. 

t In Mineralogy, Witherite is barium carbonate ; and Barite, or " heavy-spar," is 
barium sulphate. 

X Precipitated sulphate of barium is much used for a paint, as " baryta white," 
often forming a part or the whole of articles sold under the names " white lead " and 
*' zinc white." Native barium sulphate is sometimes used for the same purposes. 
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phosphate, Ba 8 (P0 4 ) a from full metallic phosphate solutions.* 
As to Separations, see 45. 

48. Barium compounds impart to the flame a yellowish 
green color. 

Strontium.f 

49. Strontium compounds mainly agree in solubility and in 

* The student should write chemical equations of all the precipitates, and other 
chemical changes, as fully as possible, and it is far better to do this while working at 
the table, or at all events before going on with other substances. The study of the 
change, made in writing the equation, throws light upon the management of the test 
and corrects mistakes in manipulating. Taking the precipitates of barium : 

BaCI? with X a CO a gives a precipitate. 

Look in the book for the composition of the precipitate ; this is never to be assumed 
upon theory, but always to be learned as a fact, found some time by quantitative analysis 
and recorded as a part of science. Now, we have : 

BaCla + X a C0 8 = BaC0 8 + * * 

Now we consider that if the Ba and C0 8 have entered into union in the precipitate, 

the 01 and the X have been liberated. We know (or ascertain) that these unite with 

each' other, and unite as KCL As there were two atoms of each of these elements, we 

complete the equation : 

BaCla + X3CO3 = BaCO, + 2X01 

In like manner : 

BaCla + HsS0 4 =BaS0 4 + 2H01 
BaCla + XaCr0 4 = BaOrO* + 2X01 

Also, by further instruction— 

Ba01 a + X 2 Cr 3 T = BaCr0 4 + 2X01 + 0rO 3 
and Or0 8 + H s = H,Cr0 4 

And for the phosphates— 

BaCl a + NasHPOf = BaHP0 4 + 2NaCl 
3BaCL, + 2ffa,P0 4 = Ba 8 (P0 4 ) 9 + 6NaCl 

In reference to the last equation, the learner will please observe that each chemical 
symbol represents, not only a certain kind of elemental matter but a certain propor- 
tional quantity of that matter. The barium in the precipitate must be equal to that 
which was in solution as a chloride. (See paragraph 5.) The truth of the last equation 
may appear more evident by repeating some of the symbols, instead of using multi- 
pliers : 

BaCl 2 Na 8 PO< Ba)P0 4 NaCl NaCl 
BaCl, + = BaV + NaCl NaCl 

BaCl a Na 3 PO< Ba)P0 4 NaCl NaCl 

Three molecules of Ba01 a , and two of Na 3 P0 4 , must be decomposed in order to fur- 
nish the atoms for one molecule (the smallest quantity) of the substance Ba 3 (P0 4 ) 2 . 

t In Mineralogy, gftrontianite is strontium carbonate ; and Ccleatite is strontium 
sulphate. . • . p 



42 Calcium. 

precipitations with corresponding barium compounds. As to 
the hydrate and sulphate, see paragraph 43. The chr ornate, 
and iodate, are more soluble than the same salts of barium. 
The dilute solution of calcium sulphate, with strontium salts, 
forms a thin precipitate after standing five to ten minutes (free 
h ydroohloric acid preventing the precipitation). This slow pre- 
cipitation distinguishes strontium from calcium. 

■ 

50. Strontium compounds (with hydrochloric acid, on the 
platinum wire) color the flame crimson (characteristic). Seen 
through blue glass, the flame appears purple to rose-red. Stron- 
tium salts are used to give red light in fire- works. 

Calcium. 

51. The calcium compounds of most common use and occur- 
rence include 



Oxide, CaO. Quicklime. " Lime," U. S. P. 

Hydrate, Ca(OH) a . Slaked Lime. " Hydrate of Lime," B.P. 

Carbonate? CaCO s . Limestone. Marble. Chalk. 

Sulphate,] CaS0 4 . Gypsum, CaS0 4 .H,0; this, when partly- 
dehydrated, is " Plaster of Paris." 

" Chlorinated Lime? U. S. P., « chloride of lime," Cad,.- 
Ca(C10) a . See Hypochlorites. 

52. The solubilities of the hydrate and sulphate are given 
in paragraph 43. The carbonate, phosphate, and (distinctively) 
the oxalate are insoluble in water. The chloride is the soluble 
salt most used in analysis. 

58. Calcium salts in solution, with fixed alkali hydrates (not 
ammonium hydrate), give a precipitate of calcium hydrate, 

* In Mineralogy, Calclte, and Aragonite. 

t In Mineralogy, Anhydrite is anhydrous calcium sulphate"; and Gypsum is hy- 
drous calcium sulphate. Fluorite, or fluor spar, is calcium fluoride. 
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Ca(OH) a , the same as "slaked lime," soluble in about 700 
parts of water (and not appearing in solutions of this dilution). 
With soluble carbonates, calcium carbonate, CaCO,, is preci- 
pitated ( <( precipitated carbonate of calcium," U. S. P., u pre- 
pared chalk "), distinguished from the magnesium carbonate by 
not dissolving in ammonium chloride solution. With phos- 
phates a precipitate is obtained, CaHP0 4 from dimetallic phos- 
phate ; Ca 8 (P0 4 ) a , the phosphate in bone earth, from full me- 
tallic phosphate reagents. With oxalates, calcium salts form a 
nearly insoluble precipitate, calcium oxalate, CaC a 4 ,* much 
♦ relied on in the final determination of calcium. \ The precipita- 
tion is hastened by adding ammonium hydrate. As to separa- 
tions of calcium, see 45. 

54. Compounds of calcium color the flame yellowish-red. 
Calcium carbonate, after ignition, colors moistened red litmus- 
paper blue* Calcium compounds, when ignited, glow with 
white light. 

Magnesium. 

55. In common use: 

Oxide, MgO. " Magnesia,'' U. S. P.; " Calcined Magnesia." 
Basic Carbonate, Mg 4 (OOj a (OH) s . " Carbonate of Magne- 
sium," U. S. P.J 



* Calcium oxalate, or " oxalate of lime," is of much interest in pathological chemis- 
try, as a constituent of the urine, generally in octahedral crystals, found by the micro- 
scope. It also forms a vesicular calculus. It is found in numerous plants. 

t See note under paragraph 45. Make a mixture of about equal portions of solu- 
tion of calcium chloride and solution of barium chloride. (Strontium chloride may 
also be added.) Add a solution of some alkali metal sulphate, as K a S0 4 , addmg 
enough to complete the precipitation. Filter out this precipitate, through a paper filter, 
folded and placed in a funnel. To the filtered liquid, that is, the filtrate, add ammonium 
oxalate (and ammonium hydrate) : the resulting precipitate contains the calcium (as 
oxalate) free from barium (and from strontium). See Table, at 50. 

\ In Mineralogy, Magnesite is magnesium normal carbonate ; Dolomite is calcium 
magnesium carbonate ; Brucite is magnesium hydrate. Talc, steatite, and soapstone 
are silicates of magnesium And other base*. 
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Sulphate, MgS0 4 . Crystallized, MgS0 4 . , 7H 8 0, " Sulphate of 
Magnesium," U. S. P. ; " Epsom salt." 

56. The insoluble salts mostly obtained as precipitates are 
the hydrate, and basic carbonate, both distinguished from others 
in the same group by their solubility in ammonium chloride, 
and the phosphates, insoluble with ammonium chloride. In so- 
lution, the sulphate and chloride are most used. 

57. a. Magnesium salts in solution, with fixed alkaline hy- 
drates, give a precipitate of magnesium hydrate, Mg(OH) 8 , 
very slightly soluble in water (see 43). With ammonium hy- 
drate, the same precipitate is obtained, while half the magne- 
sium remains in solution as a soluble magnesium-ammonium 
salt: 

2MgCl a + 2NH 4 OH = Mg(OH), + (NH.ClJ^MgCO, 

An addition of ammonium chloride dissolves all the precipitate : 

Mg(OH)/+ 4NH 4 C1 = (:CTH 4 Cl),MgCl 11 + 2ira 4 OH 

b. With carbonates, magnesium salts give a precipitate of 
magnesium basic carbonate, variable, the most common result 
being Mg 4 (C0 8 ) 8 (OH) a (three-fourths carbonate and one-fourth 
hydrate), the " carbonate of magnesia " of the shops. The 
precipitate is dissolved by ammonium chloride, and by most of 
the salts of ammonium. 

4MgS0 4 +4Na a S0 4 +H a O=Mg 4 (C0 8 ) 8 (OH),+4Na 9 S0 4 +CO a 

c. With phosphates, magnesium salts give a precipitate, not 
dissolved by ammonium chloride, as MgHP0 4 , from dimetallic 
phosphate solutions. If ammonium hydrate is added with the 
phosphate solution, and also ammonium chloride be added to 
prevent formation of any magnesium hydrate, a slow- forming 
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but complete precipitate is obtained, magnesium ammonium 
phosphate, MgNH 4 P0 4 .* 

68. Exercises with the Fourth Group of Metals. 

a. Work with a solution of a salt of each metal, successively, follow- 
ing the text, and the table at paragraph 44, and writing equations for 
all changes. 

ft. Try the separation of calcium from magne»ium y by ammonium 
chloride, proceeding as follows : Mix solutions of the two salts, as cal- 
cium chloride and magnesium chloride. Add ammonium chloride, am- 
monium hydrate, and ammonium carbonate, adding enough, and wait- 
ing a few minutes, to get a complete precipitate (a) (evidence of the 
calcium). Filter. The filtrate (filtered liquid) from pre«a is now treated 
with sodium acid phosphate, Na^HPO^ when a precipitate is obtained 
(b) (evidence of the magnesium). . See Table, at 59. Bo not attempt 
equations, for changes in mixtures having more than one base. 

c. The student would do well now to practise the separation of Ba, 
Ca, and Mg, from a solution containing their chlorides together, work- 
ing from Table at 59, and consulting paragraph 45. Write some " Ana- 
lytical Equations," as directed at Note d, 59. 

d. Another method of separating Ba from Mg is by use of a sulphate. 
To mixed chlorides of barium and magnesium, in solution, add a sul- 
phate of an alkali metal (or H^SO*), and filter out the BaSOv To the 
filtrate, add ammonium chloride, ammonium hydrate (enough to make 
the mixture alkaline to test-paper), and then the sodium phosphate, to 
precipitate MgNHtPO*. 

e. Again, from solution of mixed Ca and Mg chlorides, add ammo- 
nium oxalate, to precipitate the calcium, and filter, then treating the 
filtrate with phosphate, to show the magnesium. 

Of course the addition of phosphate is not a test for magnesium while 
either of the other alkaline earth metals is.present. Further, see par. 800. 



• Xer80 4 ♦ tfa*HP0 4 = K*HP0 4 + Na,S0 4 

UffS0 4 + Zfe,HP0 4 + KH 4 OH = KffNH 4 PQ 4 + Na a S0 4 + H a O 
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The Third Group. 49 

61. Metals of Group m. 

Of Common Occurrence. Of Bare Occurrence. 

Zin <5, Zn" Uranium, Ur", (Ur a ) v 

Aluminium, ...... (A1 9 ) VI Indium, * (In,)* 1 , In™ 

Iron \ Fe " in ferrou3 compounds. Glucinum, Qi" 

( (Fe,)^ in*ferrio " Thorium, Th™ 

r Mn" in manganous " Zirconium, Zr™ 

(Mn,)™ in manganic " Cerium, Ce", (Ce,)™ 

Mn^ in pyrolusites. Lanthanum, # La" 

HjMn^O^ manganic acid. Didymium, D" 

Ujffnftv permanganic " Titanium, Ti", (TiJ™, 

Or i i^tY 1 m chromic compounds. [Ti™ 

( HjCr^O^ chromic acid. Tantalum, Ta v 

~ ( Co" in cobaltous compounds. Niobium, Nb v 

I (Co,)* 1 in cobaltic " Yttrium, Yt" 

Nickel, Mi" Erbium, E" 

Vanadium, V", V v 

62. The metals of this group gradually oxidize at their sur- 
faces by contact with the air. Their oxides all yield their 
oxygen to alkali metals. Oxides of iron, zinc, and nickel give 
up their oxygen to carbon, by ignition at white heat with char- 
coal, as occurs in the manufacture of these metals. Iron is 
gradually oxidized from ferrous to ferric combinations by con- 
tact with the air. 

63. The hydrates and carbonates of third group metals are 
insoluble in water. Their sulphides are insoluble in water (a 
separation from the fourth and fifth groups), but are not preci- 
pitated in presence of dilute acids (the separation from groups 
I. and 11.) Aluminium and Chromium do not form sulphides, 
being precipitated as hydrates when sulphides are added to their 
salts ; but these hydrates, like the sulphides of the third group, 
are dissolved by dilute acids and so excluded from the second 
group. 



50 The Third Group. 

64. Cobalt, nickel, manganese, and iron give characteristic 
colors to beads of borax and microcosmic salt, fused on a loop 
of platinum wire, before the blow-pipe. Iron, cobalt, and 
nickel, smelted on charcoal, are reduced to compounds attracted 
by the magnet, but are scarcely at all reduced to the metallic 
state, before the blow-pipe. 
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52 Separations in Third Group. 

66. The plan of separations by Table at par. 126. Having 
the third group alone, in solution (as by dissolving the group 
precipitate with hydrochloric acid), an excess of fixed alkali 
hydrate, with brief boiling (to precipitate chromium), divides 
the group as follows : 

In strongly Alkaline Solution. In Precipitate. 

Zinc as B^ZnO, Iron, chiefly as Fe a (OH)« 

Alumin. as K,Al a 4 Manganese as Mn(OH) 3 

Chromium as Cr a (OH)« 
Cobalt as CO(OH), 

Nickel as Ni(OH), 

Tlie solution is tested, in one portion, for zinc, by adding 
ammonium sulphide, which does not precipitate aluminium ; in 
another portion for aluminium, by adding ammonium chloride 
in excess (77), which does not precipitate zinc. 

TJie precipitate is tested, in separate portions, by fusion with 
oxidizing agents, for manganese (identified by the color of 
the manganate), and for chromium (identified by dissolving 
the mass and from the solution getting colored chromate 
precipitates). The remainder of the precipitate is tested for 
iron, by dissolving with an oxidizing acid and testing with 
sulphocyanate. 

67. The plan of separations by the Table at 127. The 
group itself is precipitated in two sections, as follows : The use 
of ammonium hydrate in excess, with ammonium chloride pre- 
cipitates only Pe, Cr, AL But the iron is first obtained in the 
ferric condition, by use of nitric acid. The zinc (with Co and 
Ni) is redissolved by the excess of ammonium hydrate, and 
the manganese is held in solution by the ammonium salt. 

The precipitate of Fe, Cr, and Al is treated with boiling so- 
lution of fixed alkali hydrate in excess, leaving aluminium in 
solution, to be precipitated with ammonium chloride. Of the 
Pe and Cr precipitate, a portion is treated with an oxidizing 
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agent to test for chromium, and the remainder is dissolved and 
tested for iron with sulphocyanate. 

The filtrate from the ammonium hydrate and chloride preci- 
pitate is treated with sulphide, for precipitation of the remain- 
ing Zn, Mil, (Co, Ni). The precipitate is dissolved by hydro- 
chloric acid, so as in the solution to separate zinc from man- 
ganese by excess of fixed alkali hydrate. The manganese is 
confirmed by oxidation to colored manganate ; the zinc, by 
precipitation, in its. alkaline solution, with sulphide. Cobalt 
and nickel, not easily dissolved from their sulphides with hydro- 
chloric acid, are identified before the blow-pipe. 

68. When phosphates are present with fourth-group bases, 
the phosphates of these bases are precipitated in the third group. 
For analysis in these cases, see, under Phosphoric Acid, para- 
graph 301. 

Zinc. 

60. The following forms of zinc are in common use : 

Metallic Zinc, Zn. The coating of " galvanized iron." 

Oxide, ZnO.* " Oxide of Zinc," U. S. P. « Commercial 

Oxide of Zinc," U. S. P. The " zinc white," used as a 

paint. 
Sulphate, ZnS0 4 . Crystallized, ZnS0 4 .7H a O, li Sulphate of 

Zinc," U. S. P., « White Vitriol." 
Chloride, ZnCl a . " Chloride of Zinc," U. S. P., in white crust 

prepared by melting. Very deliquescent. 
Acetate, Zn(C,H,O s ) s . "Acetate of Zinc," U. S. P., 

Zn(0,H,O,),.7H,O. 
Carbonate, a basic salt. \ " Carbonate of Zinc/' U. S. P. 

70. Zinc dissolves in sulphuric acid (diluted with six to ten 

* In Mineralogy, Zincite, " Red Zinc Ore," is ZnO. Franklinite is an ore of ferric 
and manganic oxides, with zinc oxide. Zinc blende or Sphalerite is native Sulphide, 
~ S. 

t In Mineralogy, Smith son! te or Calamine is ZnC0 8 . 
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parts of water) (a); in hydrochloric acid (diluted) (b), and in 
solution of alkali hydrate (c) ; in each case with evolution of 
hydrogen. Nitric acid, moderately dilute, dissolves it with 
evolution of nitric oxide as the chief by-product (d). 

a. Zn + H s S0 4 = ZnS0 4 + 2H * 

b. Zn. + 2HC1 = ZnCl, + 2H 

c. Zn -f 2KOH = K,ZnO a + 2H 

d. 3Zn + 8HNO, = 3Zn(NO t ), + 21*0+4^0 

71. The hydrate (soluble in all alkalies), the sulphide, car- 
bonate (basic), phosphate, arseniate, oxalate, and ferrocyanide 
are insoluble compounds of zinc,, obtained by precipitation. 
The sulphate is the soluble salt most used as a zinc solution in 
analysis. 

72. In solutions of zinc salts, the alkali hydrates form a 
precipitate of zinc hydrate, Zn(OH) s , white, redissolved by 
an excess of the alkali with formation of soluble potassium 
zincate (or potassium zinc oxide) B^ZnO, (or B^O.ZnO).f 
Long boiling of the alkali solution tends to reprecipitate the 
zinc. The precipitate is slightly soluble in ammonium chloride 
solution. 



* It should be borne in mind by the student, that every true chemical equation 
is a statement which is good quantitatively as well as qualitatively, and may be trans- 
lated into parts by weight (grams, ounces, or pounds) by simply adding up the atomic 
weights (page IS). Taking equation a : 

Zn + H s 80 4 = ZnS0 4 + 2H 
65 98 161 3 

That is, 66 ounces of zinc will need just 98 ounces of absolute sulphuric acid to dissolve 
it, when 161 ounces of zinc sulphate will be made and 2 ounces of hydrogen set free. 
As to the use of the word part, see paragraph 8. In this operation, the water, used to 
dilute the sulphuric acid, is not stated in the equation, as it undergoes no chemical 
change ; and the product, 161 parts of zinc sulphate, is dissolved in the same indefinite 
quantity of water. (Concerning water as a vehicle, see 20.) The student will do well 
to translate equations into ordinary parts by weight, as a frequent ptagjce. 

t If Jhe alkali hydrate be added carefully, drop by drop, without stirring the test- 
tube, there will be a layer of precipitate with clear alkaline solution above and clear 
zinc salt solution below. On mixing, with a sufficient addition of alkali, the precipitate 
nearly or quite all dissolves. 
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73. Soluble sulphides, as (K"H 4 ) 9 S, precipitate from solu- 
tions of zinc salts, also from the alkaline solutions of zinc, zinc 
sulphide, ZnS, white, or, when formed in alkaline solutions, 
gray. Hydrosulphuric acid, in solutions of zinc salts, forms no ' 
precipitate, or, in case of zinc acetate and in presence of acetates, 
only a partial precipitate.* 

Soluble carbonates precipitate zinc basic carbonate, as 
Zn 6 (OH) 6 (CO $ ) 9 , white, soluble in ammonium hydrate. Phos- 
phates precipitate zinc phosphate, ZnHP0 4 . Perrocyanides 
precipitate zinc ferrocyanide, Zn a PeCy 6 , white ; and ferricy- 
anides precipitate the zinc ferricyanide, Zn 8 (PeCy ft ) 2 , yel- 
lowish. 

V 

74. Before the blow-pipe, on charcoal, when mixed with 
sodium carbonate, zinc compounds are reduced to the metallic 
state, but do not appear in metallic form, being vaporized, 
when the vapor is oxidized by the- air and settles as a coating 
of zinc oxide, yellow when hot and white when cold. If this 
coating, or oxide of zinc from any source, be moistened with 
solution of cobalt nitrate and again ignited, it will be found of 
green color. 

Aluminium. 

75. The aluminium compounds \ most common in com- 
merce as chemicals are : 

The Alums; Al K(S0 4 ) 9 .12H a O, crystallized "potash alum," 
Cl sulphate of aluminium and potassium," U. S. P. ; and 
AlNH 4 (S0 4 ) a .12H a O," ammonia alum " crystallized, sim- 



* Zinc sulphide is soluble in dilute acids, to an extent preventing its full formation 
even with the less active acetic acid : 

Zn(C a H,Os)s + HaS = ZnS + 2HC s H 8 O a 
The same fact prevents the precipitation of third-group bases, generally, by the hydro- 
sulphuric acid and free hydrochloric acid used to throw down the second group. 

f In Mineralogy, Corundum, Sapphire, and Ruby consist of Al 3 O s ; Emery, of 
the same with iron and manganese oxides. Biaspore is aluminium hydrate. Alunite, 
or alum stone, consists of aluminium and potassium sulphates with aluminium hydrate. 
Orthoclase, a felspar, is aluminium and potassium silicate. Cryolite is (NaF)eAlsF e . 
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ply « Alum " in the U. S ; P. "Concentrated alum" of 

commerce is the aluminium sulphate which is also pharma- 

copceial. 
The chloride and bromide, nominally represented under the 

trade names " chloralum " and " bromaluin," are instable 

compounds. 
The varieties of Clay are hydrated aluminium silicates, and 

Felspars and Felspathic rocks contain double silicates of 

aluminium with other bases. 
Metallic aluminium has been manufactured for use to a limited 

extent. 

76. The hydrate* (precipitated by carbonates . and by sul- 
phides), and the phosphate, are the principal aluminium preci- 
pitates. The sulphate is the solution most in use. 

77. In solutions of aluminium salts, the alkali hydrates cause 
a precipitate of aluminium hydrate, Al a (OH) e , gelatinous,' 
soluble in excess of the fixed alkali hydrates, not dissolved at 
all by ammonium hydrate. The precipitate dissolves in excess 
of KOH or NaOH, by forming potassium or sodium alumi- 
nate 9 which, in the solid state, is found to be K S A1 9 4 , etc. 
To dissolve the precipitate takes excess of alkali, beyond 2K 
for every Al a , but just this excess can be neutralized by acid 
without precipitation. Solution of ammonium chloride pre- 
cipitates the aluminium again as hydrate (see 126, note d). 
Soluble carbonates make the same precipitate of aluminium 
hydrate;* and sulphides, also, throw down the hydrate,f 

* A1»(S0 4 ) 8 + 3XaCO, + 8H a O = ^ J,(0£T), + 8K 3 S0 4 + 8CO a 

As alum liberates C0 9 from carbonates, it is sometimes used instead of "cream of 
tartar, 11 in baking powders. This use of alum is not wholesome, as the aluminium hy- 
drate, and especially any excess of alum, is harmful in food. Query : how many parts 
of crystallized alum will just decompose 100 parts of crystallized sodium carbonate f 
Taking " ammonia alum " and " bicarbonate of sodium " (83), we have : 
2NH 4 Al(S0 4 ) a 12H a + 6NaHCO, = Als(0H) 8 + (NH 4 ) 2 S0 4 -f 8Ha,80 4 + 
453.8 604 * [6O0 s + 24H»0 

604 : 453.3 : : 100 : x = parts bicarb, sodium, 
t Ala(S0 4 )s + 8(NH 4 ) 3 S + 6H a O = Al^OH^ + 3(NH 4 ),S0 4 + 8B,S 



hydrosulphuric acid making no precipitate. Phosphates preci- 
pitate aluminium phosphate, A1,(P0J„ soluble in fixed 
alkali hydrates, not easily in acetic acid.* 

78. Compounds of aluminium, by ignition on charcoal, with 
sodium carbonate, leave aluminium oxide, the metal not being 
liberated. If the oxide be moistened with solution of cobalt 
nitrate, and again strongly ignited, a blue color is at length 
obtained. 

Iron. 

79. The forms of iron in use are very numerous; 
Metallic iron. Wrought iron, as in fine iron wire, is the 

purest form in common use. Steel contains a little car- 
bon in combination as carbide, with other elements. Cast 
iron contains more carbon, both combined and free, with 
various impurities. 

80. Ferrous SulpJiate, cryst. FeS0«.7H,0. "Sulphate of 
Iron," U. S. P. "Green Vitriol"." "Copperas." ~, 

81. Ferrous Sulphide, FeS, material for generating H,S in the 
laboratory. 

82. Ferrous Iodide, Pel,, in "Syrup of Iodide c 
"Pills of Iodide of Iron," U.S. P. 

83. Ferric Chloride, Pe,Cl,. In " Tincture of 
Iron," U. S. P. {" muriated tincture of iron "). 
Iron" a very basio ferric chloride, obtained 
dialysis. 

84. Ferric Sulphate,T?6 t (BO t )„ in "Solution of Tersulphate of 
Iron," U. S. P. 



* Sodium tKiosulphate with boiling precipitates aluminium AydnUe, with 
sulphnr, enlphnr dioxide being given off (s separation from iron). If phosphoric acid 
and free acetic acid are present, the precipitate la aluminium phosphate (also a Bepara- 
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85. Basic Ferric Sulphate, Fe 4 0(S0 4 ) 6 , in " Solution of Sub- 
sulphate of Iron," U. S. P., Ci MonsePs solution." 

86. Ferric Hydrate, Fe,(OH) 6 , the recent precipitate, " Hy- 
drated Oxide of Iron," U. S. P. ; antidote to arsenious acid. 

87. Ferric Oxide with a little ferrous carbonate, the " Subcar- 
bonate of Iron" of the U. S. P., " sesquioxide of iron." 3^,0- 



-^ 



88. Ores of Iron. Red Hematite, " specular iron ore," ferric 
oxide. Magnetic iron ore, ferroso-ferric oxide, FeO. Fe s O $ , 
or Fe s 4 . Sparry or Spathic iron ore, ferrous carbonate.* 

89. Iron has two important classes of compounds ; the fer- 
rous and ferric. Ferrous compounds exposed to the air oxidize 
with greater or less rapidity to ferric compounds. (See 99.) 
Iron is dissolved — as a ferrous salt — by dilute sulphuric or hydro- 
chloric acid ; as a ferric salt, by moderately dilute (hot) nitric 
acid. 

90. FERROUS COMPOUNDS. The sulphate is the solu- 
tion most in use. The most important precipitates are the 
sulphide, carbonate, phosphate, and ferricyanide, the last named 

% y being most distinctive, 

91. in solutions of ferrous salts, the alkali hydrates, all, 
cause a precipitate of ferrous hydrate, Fe(OH) a , which would 
be white if pure, but in the air appears greenish to black from 
presence of ferroso-ferric hydrate, and finally changes to red- 
brown, ferric hydrate. Soluble Carbonates precipitate ferrous m 
carbonate, FeCO $ (the preparation of the " carbonate of iron " 
of the shops), soon changing in the air to reddish-brown ferric 
hydrate. Sulphides (not hydrosulphuric acid) precipitate 

* In Mineralogy, Hematite is ferric oxide ; Limonite, or brown hematite, is a ferric 
hydrate ; Magnetite is ferroso-ferric oxide ; Siderite is ferrous carbonate ; Pyrite, 
iron pyrites, is iron disulphide, FeS 9 . 
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ferrous sulphide, FeS, black (the same substance used, when 
made by melting, to generate H 3 S). Soluble Phosphates, as 
Na 9 HP0 4 , precipitate ferrous phosphate, FeHP0 4 , with 
Pe,(P0 4 ),. 

• 

92. Ferricyanides, as K,FeCy 6 , with ferrous salts, precipi- 
tate ferrous ferricyanide, Fe 8 (FeCy 6 ) t , deep blue, an impor- 
tant .distinction from ferric salts, which give no precipitate 
though forming a darkened solution. Sulphocyanates give no 
color with ferrous salts strictly free from ferric. Ferrocyanides, 
as K 4 FeCy e , precipitate potassium ferrous ferrocyanide, 
K a FeFeCy 6 , pale blue (the ferric precipitate being deep blue). 
Both the precipitates named above are insoluble in dilute acids, 
but decomposed by alkalies (and not obtained if the reaction is 
alkaline). 

98. FERBIC COMPOUNDS* The chloride is the solution 
most in use in analysis. Ferric hydrate, ferrous sulphide, and 
ferric phosphate, ferrocyanide, and tannate, are among the pre- 
cipitates to be studied. The sulphocyanate red solution is 
distinctive. 

94. In solutions of ferric salts, alkali hydrates cause preci- 
pitation of ferric hydrate, Fe a (OH) 6 , red-brown (used as an 
antidote for arsenic). Soluble carbonates give the same preci- 
pitate of hydrate.* Soluble sulphides precipitate ferrous sul- 
phide, FeS, with free S.f Phosphates precipitate ferric phos- 
phate, full metallic, Fe,(P0 4 ) 9 , scarcely at all soluble in acetic 
acid (a means of separating P0 4 from Ca and other alkaline 
earth metals, whose phosphates are easily soluble in acetic acid). 

95. Sulphocyanates, as KCyS, with ferric salts, give a deep 
red solution r- / , emc sulphocyanate, Fe a (CyS) e , not a precipi- 

4 






• »^ t Ol,-f3Na a O0, + 3H,0 = Pe,(OH) 6 + 6Na01 + 800, 

♦ S^01« + 8(NH«),S = 2FeS + S + 6NH«01 
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tate, but a distinction from ferrous salts. Ferrioyanides give 
no blue precipitate (distinction from ferrous salts), the solution 
becoming green (or, in some conditions, brown).* Perrocy- 
anides cause a precipitate of ferric ferrocyanide, J?e 4 (FeCy e ) t , 
ordinary prussian blue. The iron precipitates with the radical 
FeCy, are not affected by dilute acids, but are decomposed by 
alkaline hydrates (and are not formed with mixtures of alkaline 
reaction). 

06. Soluble acetates, as NaC 9 H t O,, with ferric salts, form 
ferric acetate, giving a dull red color to the liquid without pre- 
cipitation. On boiling, a precipitate of basic ferric acetate is 
obtained. Sulphites, also, form a red solution, of ferric sul- 
phite, decomposed by boiling. Tannic acid, and tincture of 
galls, precipitate ferric salts, blue- black, as ferric tannate, the 
color substance of ordinary ink. Salicylic acid gives a deep 
violet color ; and meoonic acid, or opium solution, a red color 
(ferric meconate). 

97. IRON SALTS are generally decomposed by ignition, 

but ferric chlorWe vaporizes undecomposed at a very little 
above 100° C. (212° F.) ignition in the air, on charcoal, 
changes both ferrous and ferric compounds to the magnetic 
oxide (ferroso-ferric), which is attracted to the magnet. For 
tests with the bead, see 320. 

98. DISTINCTIONS BETWEEN EEBBIO AND FEB- 
BOUS COMPOUNDS, most used in analysis : 

Ferric Compounds. Ferrous Compounds. 

(1) Ferricyanides. No pre. (green color) 95. Deep blue pre. 

(2) Sulphocyanates. Red soL No change. 



* The test should be so far dilated, in the test-tube, that the analyst can see 
through it distinctly, when any blue precipitate can be recognized. If the liquid is so 
concentrated as to be opaque, a blue precipitate cannot be distinguished from the dull 
green solution. 
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Other Distinctions, Important in Synthetic Operations : 

Ferric Compounds. Ferrous Compounds . 

(3) Carbonates. Effervescence. Precip. of carbonate. 

(4) Cyanides. Pre. of hydrate. Ferrocyanide formed (251). 

(5) Oxidizing Agents : Ferrous Changed to Ferric Go's. 

Nitric acid (238), gives brown gas. 

Chlorine water (99 b) is deodorized. 

Bromine, ". 

Permanganate (100), is decolored. 

(6) Red ucing Agents : Perrl0 changed to Ferrous Go's. 

Hydrosulph. acid, . deodorized and pre. 

sulphur. 

Sulphides, . . . see 94. 

Sulphurous acid, . deodorized, 

99. Exercises with Iron in Oxidation and Reduction. 

a. Oxidation with Nitric Acid. Taking a solution of ferrous salt, 
verify it as such, by obtaining the blue precipitate with ferricyanide. 
Now boil a couple of cubic centimeters (a half fluid dram) of this solu- 
tion, with five to eight drops of nitric acid, in an evaporating dish, till 
brown vapor ceases to rise, even after adding another drop of the nitric 
acid. Take a few drops of the concentrated solution in a test-tube, 
dilute with water, add ferricyanide, and dilute till transparent. No 
blue precipitate should appear (95). (For equation of oxidation, see 
238.) (Should there be a blue precipitate, add a few more drops of 
nitric acid, to the remainder in the evaporating dish, and continue the 
oxidation.) 

b. Oxidation with Bromine or Chlorine water. Apply these reagents 
to ferrous salts in the test-tube, boiling being unnecessary, and test with 
ferricyanide, before and after the oxidation, as in a. 

2FeCl 2 + 201 = Fe^ 

6FeS0 4 + 601 = 2Fe s (S0 4 ), + Fe a 01« 

6FeS0 4 + 3H.S04 + 601 = 8Fe a (S0 4 ) 8 + 6H01 

c. Seduction with Hydromlphuric Acid : Take a solution of ferric 
salt, verify the absence of ferrous salt by adding ferricyanide to a few 
drops and diluting, then boil one or two cubic centimeters of the solu- 
tion, in an evaporating dish, with twice its volume of good solution of 
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hydrosulphuric acid (or pass the gas hydrosulphuric acid for some time 
through the solution, in a beaker glass). Now test again a few drops of 
the reduced solution, with ferricyanide, for ferrous salt. Test the solu- 
tion, before and after reduction, with sulphocyanate, comparing the 
depth of tints obtained. 

Fe a Cl, + H a S = 2FeCl, + 2HC1 + S 

d. Reduction with Sulphurous Acid : To a solution of ferric salt, 
add either sulphurous acid solution (strong enough to bleach litmus- 
paper) or add a sulphite, as NasSOs, with some hydrochloric acid. Com- 
pare the solutions, before and after this treatment, by tests with ferri- 
cyanide, and with sulphocyanate, as directed in c, 

Fe a (S0 4 ) a + H a SO, + H.0 = 2PeS0 4 + 2H a S0 4 
Fe a Cl, + H a SO, + HaO = FeS0 4 + FeCJ a + 4HC1 

Manganese. 

100. The compounds of manganese most used are : 

Manganese dioxide, MnO a ; "Binoxide of manganese," U.S.P., 
found native as Pyrolusite,* and much used as an oxidizing 
agent, to liberate chlorine, bromine, and iodine, in manufac- 
tures, and sanitary measures. \ 

Potassium Permanganate, KMn0 4 (or K 9 Mn a 8 ), is a salt dis- 
solving with a brilliant purple-red color, an article much 
used as an oxidizing agent, hi analysis, in medicine (per- 
manganate of potassium, U. S. P.) and for disinfecting 
purposes, as in "Condy's Liquid." It liberates oxygen as 



* In Mineralogy, Pyrolusite contains MnO*. It is an ore of manganese, valued by 
its proportion of dioxide, as an oxidizing agent. Hausmanite is Mn 3 4 ; and Braunite, 
2£n a O a . Wad, or " bog manganese/ 1 is a hydrate, with other bases. 

t Mn0 2 + 4HC1 = MnCla + 201 + 2HoO 
MnO a + 2NaCl + 2H a S0 4 = MnS0 4 + Ka a S0 4 + 2C1 + SH*0 
Mn0 a + 2KI + 2H 3 80 4 = MnS0 i + K,S0 4 + 2I + 2H 3 

Experiments with manganese dioxide as an oxidizing agent. Boil some hydro- 
chloric acid with the MnO a in a test-tube. Or, mix NaCl with ]SCnO a + HjSO* and 
boil. Chlorine gas is evolved, bleaching litmus-paper. To a dilute solution of potas- 
sium iodide add a few drops of dilute sulphuric acid and warm. (The HI formed, by 
action of the air, very slightly liberates iodine, coloring the solution.) Now add man- 
ganese dioxide and warm. Iodine, is much more rapidly liberated, as seen by the color. 
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ozone. It is deoxidized, and its solutions decolored, by 
hydrosulphuric acid, sulphurous acid, oxalic acid (268), 
and other reducing agents.* 

101. Manganese may act towards other elements with 2, 3, 
4, 6, or 7 bonds (61), but, as a base, it forms stable salts only 
as a dyad. Manganous sulphate, and chloride, are the more 
common of the soluble salts. The more distinctive tests are the 
color-substances formed by oxidation, that most used being the 
fusion to a green mass (103). 

102. With solutions of manganous salts, the alkali hydrates, 
all, cause a precipitation of manganous hydrate, Mn(OH) a , 
white, soon oxidizing in the air to manganic hydrate, brown. 
The fresh precipitate (before oxidation) dissolves in ammonium 
chloride solution. \ Sulphides cause a precipitate of manga- 
nous sulphide, MnS, flesh-colored when free from contamination 
with iron, etc. Carbonates precipitate MnCO s ; phosphates, 
Mn,(P0 4 ),. 

103. By ignition with alkali carbonate (or hydrate) and an 
oxidising agent, any manganese compound forms a bright green 
mass of manganate of the alkali metal taken, (as Ka a Mn0 4 ) a 
delicate and convenient test. The manganese compound is 
taken in residue by evaporation, or precipitate, or fine powder 
— the precipitate by excess of fixed alkali hydrate, in the third 
group work, being sufficiently free from other substances. 

Ignite on 'platinum foil with potassium or sodium nitrate 
and sodium carbonate. 

* Add HaS to permanganate of potassium solution and note the decoloring of the 
solution and the deodorizing of the vapor : 

8KMn0 4 (excess) + 3H a S = 8Mn0 2 (pre.) + 3K>S0 4 + 2K0H -f 2H s O 

2KMn0 4 + 6H01 + 5H a S (excess) = 2KC1 + 2MnCl a + 8H 3 + 5S (pre.) 

t In the separation by the Table at 127, the ammonium chloride, added with the 
ammonium hydrate, prevents precipitation of manganese in the first section of the 
group. 
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3Mn(OH), + Ka,CO, + 4NaWO $ = 

35ra 2 Mn0 4 + 4NO + CO, + 3H a O 

104. Manganous solution, boiled with lead dioxide, or Pb 8 4 , 
and nitric acid, turns red, by formation of permanganate. 

105. For bead tests, see 320. 

Chromium. 

106. The most common chromium compounds are the 
following : 

Chromic oxide, Cr 9 O a , " sesquioxide of chromium," — the 

• Chrome Green of paints.* 

Lead chromate, PbCr0 4 , the Chrome Yellow of paints. 
Potassium dichromate, K 9 Cr a O T or K a Cr0 4 Cr0 8 . " Bichro- 
mate of Potassium," U. S. P. " Red chromate of potash." 
Potassium chromate, K 2 Cr0 4 , " Yellow chromate of potash." 
Chromic anhydride, Cr0 3 . " Chromic acid," U. S. P. 
Chrome alum, KCr(S0 4 ),12H 9 0. 

107. As a base, chromium acts as Cr,™. In chromic acid, 
H 9 Cr0 4 , the active quantivalence is that of Cr^. Strong oxi- 
dizing agents change the base to some form of chromic acid ; 
reducing agents easily reverse this change. 

108. AS A BASE, the chief solutions of chromium are 
those of chromic sulphate, chromic chloride, and potassium 
chromic sulphate (chrome alum). The most distinctive test is 
by oxidation to chromate, from which colored precipitates are 
obtained. 

109. With solutions of chromic salts, alkali hydrates pre- 
cipitate chromic hydrate, Cr,(OH)„ green (when dried to Cr 9 O s , 
" chrome green"), soluble in excess of fixed alkali hydrate if not 

* In Mineralogy, Chromite, or chromic iron, is ferroBO-chromic oxide, PeO.Cr a O s , 
the chief ore of chromium. 
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boiled, the alkaline solution being soon reprecipitated on boil- 
ing. Both sulphides and carbonates precipitate chromic hy- 
drate.* Phosphates precipitate Cr a (P0 4 ), ; oxalates cause no 
precipitation. 

110. Chromic salts are oxidized to chromate, for identifica- ' 
tion of chromium, as follows : (a) The precipitate of chromic 
hydrate (in the third group) is fused on platinum /oil, with 
sodium carbonate and sodium or potassium nitrate. f The 
mass (yellowish) is dissolved with water, this solution acidu- 
lated with acetic acid, and tested with lead salts, etc., for colored 
precipitates, as by paragraph 112. 

(b) Chromic salt solutions can be oxidized in alkaline solu- 
tions by adding a drop or two of bromine, when the tests for 
chromate are obtained, as in a. 

111. CHBOMIC ACID, H a Cr0 4 , forms normal salts with 
nearly all metals, and supersalts with the alkali metals ; the 
normal chromates being mostly yellow, and the dichromates, 
reddish. The chromates insoluble in water are barium, man- 
ganous, bismuth, mercurous, silver, and lead. 

112. Solutions of chromates, with lead salts, form a preci- 
pitate of lead chromate, Pb0rO 4 , " chrome yellow." With 
barium salts, a yellow precipitate, barium chromate; with 
silver salts, a dark reddish precipitate, Ag 9 Gr0 4 . 

113. Chromates are deoxidized by reducing agents, forming 
chromic base. Hydrosulphuric acid, in acidulated solutions (as 
in precipitation of the second group), reduces chromate to 
chromic salt, with some precipitation of sulphur, while the solu- 
tion turns green (a). Ammonium sulphide (as in precipitation 
of the third group) forms chromic hydrate, so that, in system- 

* See corresponding equations for aluminium, foot-note to paragraph 77. 
1 0r,(0H) e + 2NaN0 3 + Ha,00 8 = 2Ha,Gr0 4 + 2N0 + COs + 3H»0 
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otic analysis, chromic acid gives chromium as a base, in third 
group (J>). Ferrous salts, with free acid, reduce chromate to 
chromic salt, a reaction employed in the volumetric estimation 
of iron (c). 

a. At first : 

2K 2 Cr0 4 + 1 0HC1+3H.S = Cfr,Cl fl +3S+4KCl+8H a O 

b. The precipitate may contain some sulphur, but the results 
are chiefly as follows : 

K,Cr,O,+(NH 4 ),S 1 +4H,O=0r J (OH).+K,S,O,+2NH 4 OH 
c.K,Cr s O,+14HCT+6FeCI,=Cr > Cl,+3Fe,CT,+2KCa+7H !i O 

114. Chromates, and most other chromium compounds, 
ignited on charcoal, leave a green mass of chromic oxide, 
Cr a O $ (" chrome green"). For test in the beads, see 320. 

Cobalt. 

115. Cobalt is used, in form of cobaltous oxide, CoO, to 
color glass blue. The blue glass used to cut off the sodium 
flame is cobalt-colored glass. The one distinctive and delicate 
test for cobalt is the bead test (320), in which a glass of melted 
borax is colored blue. " Smalt " is a pigment of powdered, 
cobalt-colored glass. " Zaffer " is roasted cobalt ore, used in 
glass-blowing. A dilute solution of cobaltous chloride is used 
as a " sympathetic ink,*" writing by which is colorless and invi- 
sible when moist from contact with air, but appears distinct, in' 
blue color, on warming at the fire. Cobaltous nitrate solution 
is used in some blow-pipe tests, leaving cobaltous oxide when 
ignited on charcoal. This oxide, with certain other oxides, 
enters into combination, with distinctive colors.* 

116. The nitrate and chloride are the cobaltous salts most 



* In Mineralogy, Smaltite (gray cobalt ore) contains cobalt, arsenic, and generally 
nickel, iron, and copper. Erythrite, " cobalt ochre " or " red cobalt," is cobaltous 
arseniate. Wad (sec Manganese) usually contains cobalt 
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used in solutions. Cobaltous solutions are precipitated by 
alkali hydrates as blue basic salts, changing, when boiled, to 
cobaltous hydrate, Co(OH)„ rose-red; but ammonium hy- 
drate, and ammonium salts, dissolve the precipitate (by form- 
ing double salts, like magnesium, 57 a). Sulphides precipitate 
CoS, black, slightly and imperfectly dissolved by dilute acids, 
and the precipitation is in part obtained with hydrosulphuric 
acid in normal solutions. 

117. Cyanides, as KCy, precipitate cobaltous cyanide, easily 
soluble in excess of the precipitant, as solution of potassio-co- 
baltous cyanide, (KCy) a CoCy 9 . If now a drop or two of hy- 
drochloric, acid is added, and the mixture digested, hot, for 
some time, oxidation occurs, and a cobalticyanide is formed, as 
K 3 CoCy e . in this solution, acids cause no precipitate, a dis- 
tinction from nickel. Potassium nitrite, IONTO,, in somewhat 
concentrated solution of cobaltous salt, with addition of acetic 
acid, after long warm digestion, gives a precipitate of potassium 
cobaltic nitrite (distinction from nickel). 

118. For the very distinctive bead test, see 320< By igni- 
tion, with sodium carbonate on charcoal, a magnetic mass is 
obtained (Co,Oj. 

Nickel. 

110. The metal is much used in an alloy called "German 
Silver " ; copper, 100 parts ; nickel, 40 parts, and zinc, 16 parts. 
Other alloys of nickel are used as a foundation for silver-plating. 
Electro-plating with nickel is much in use, the pure nickel 
being deposited from a solution of ammonium nickel chloride 
or sulphate.* 

120. The solution ofniclcel most used is the sulphate. The 
chloride, also, may be employed. The reactions of nickel most 

* In Mineralogy, Niccolite, copper-nickel, or arsenical nickel, is NiAs, of a copper- 
color. Gersdorfflte, or nickel glance, is Ni3 3 NiAs?. 
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resemble those of cobalt. In absence of Co, and Ou, nickel is 
identified in the bead test (320), but not so sharply as cobalt. 
The separation of nickel from cobalt, by 122, is not free from 
difficulty. 

121. In solutions of nickel salts, the alKali hydrates give a 
pale green precipitate, nickel hydrate, Ni(OH),, soluble in ex- 
cess of ammonium hydrate and in ammonium salt solutions 
(soluble double salts being formed, as with Mg, 57 a). The 
precipitate is hardly at all oxidized in the air. Sulphides, and 
HS, act with nickel as with cobalt (110). The precipitated 
carbonate is basic, and of green color. 

122. In treating nickel solutions with a cyanide, as directed 
in 117 for cobalt, NiCy, is precipitated and redissolved as 
(KCy) a KiCy, like cobalt. Now very slightly acidulating and 
digesting hot, as directed, no oxidation occurs. A slight addi- 
tion of dilute acid now decomposes the potassium nickelous 
cyanide, and precipitates NiCy, (separation from cobalt), the 
precipitate being easily soluble in excess of the acid used. 

128. Chlorine water, or solution of hypochlorite, in excess, 
with warming, precipitates from nickel salts, the black nickel ic 
hydrate. 

124. For the bead test, see 320. By ignition with sodium 
carbonate, on charcoal, nickel compounds leave a mass attracted 
by the magnet. 

125. Exercises with the Third Group of Metals. 

a. Work with a solution of a salt of each base, including ferrous and 
ferric salts, chromic salts and chromates, following the text for each 
metal and the Table at 65, and writing equations for all chemical 
changes. * 

b. Work the following separations, as directed in the Table at 126. 
(For Analytical Equations, see 126, Note /.) : 
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Al from Fes? 1 , in solution of sulphates or chlorides. 
Zn " Mn " sulphates. 

Al " Or " sulphates. 

c Work the following separations, according to the Table at 127 : 

Fe" from Zn, in solution of sulphates. 

Al " Co, " sulphates or other salts. 

d. Separate the following metals, as directed in the Tables at 126, 
and 59 : 

Fe*vi from Ca, in a solution of chlorides. 
Zn " Mg, " sulphates. 

(To be sure that the precipitate of Group III., by ammonium sul- 
phide (126), is complete, add a drop of the same reagent to the filtrate, 
when no precipitate should occur. Each group must be wholly preci- 
pitated and filtered out, to be able to use the filtrate for the following 
groups.) 

e. Separate the following, by the Tables at 127, 50, and 60 (verifying 
the absence of the fourth group by 59) : 

FeaVi and NH«, in solution of chlorides. 
Al and K " sulphates. 
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The Second Group. 



128. Group n. Metals whose Sulphides are insoluble 
in dilute acids. 

Group 1. is included within this group. 



For Analytical Study in thia Work. 



Of less frequent occurrence. 



Copper, . 
Bismuth, . 
Lead, . 
Silver, 

Mercury, 
Arsenic, 
Antimony, 
Tin, 



Cu" 
Bi" 
Pb" 
• Ag' 

Hg", in mercuric co's. 
Hg '', in mercnrons co's. 



Gold, 

Platinum, 

Palladium, 

Ruthenium, 

Iridium, 

Rhodium, 



j H s As'"O s , arseniousacid. Osmium, 

( H B As v 4 , arsenic acid. Tellurium, 
j Sb'", in antimoniouB co's. Selenium, 

( Sb v , in antimonic co's. Tungsten, 
j Sn", in stannous co's. 
( Sn IV , in stannic co's. 



Au'" 

Pt^ 

Pd" 

Bu,™ Bu VI 

Ir, VI , Ir IV 

Eh," 

Os/ 1 

Te^Te^Te^ 

Se", Se™ Se vl 

VI 



Molybdenum, Mo™, Mo 
Cadmium, Cd" 



129. The metals of this group have less chemical power, as 
bases, than those of the other groups ; they oxidize or tarnish 
less readily in the air, and they are more easily reduced from 
their oxides or salts to the metallic state. The " noble metals " 
or precious metals are in this group. Silver, gold, mercury, 
platinum, and palladium are obtained in the metallio state 
simply by heating their oxides short of redness. In most 
cases, the only acid which will dissolve the metals of this 
group is nitric acid ; and gold and platinum require nitro-hydro- 
chloric acid for solution. Arsenic and selenium are metalloids 
rather than metals. Mercury, arsenic, and antimony easily 
vaporize. 



Bismuth; Copper; Cadmium. 
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76 Forms of Copper. 

Copper. 

131. Common forms : * 

Metallic Copper/ Brass, an alloy of copper and zinc • Bronze, 
an alloy of copper and tin. 

Copper Sulphate, CuS0 4 . Crystallized, CuS0 4 5H O, "Sul- 
phate of Copper,'' U. S. P., " Blue Vitriol." * 

Copper basic Acetate, Cu 8 0(C a H 8 O a ) 4 .6H a O, " Subacetate of 
copper," U. S. P., " Verdigris." 

132. The sulphate is the solution most used. The solutions 
are bluish, unless very dilute. The most important precipitates 
are — metallic copper, the hydrate, sulphide, and ferrocvanide. 
The amnionic blue solution is distinctive. Copper is dissolved 
by nitric acid (2385). Cuprous salts, as Cu a Cl a (combinations 
of Cu 2 "), are very instable. Cuprous hydrate and oxide are 
obtained in some tests. 

133. Solutions of copper salts, with fixed alkali hydrates, 
precipitate copper hydrate, Cu(OH) 9 , dark blue to black, inso- 
luble in excess of precipitants. Ammonium hydrate precipi- 
tates the same, very easily soluble in excess of the alkali, the 
solution having a very deep blue color, a test for copper. Car- 
bonates precipitate basic salts ; sulphides, and H a S, precipitate 
copper sulphide, CuS, black ; ferrocyanides give a brown pre- 
cipitate, Cu a FeCy 6 ; cyanides, as KCy, give a pale greenish 
precipitate, CuCy a , easily soluble by excess of the reagent to 
(KCy) a CuCy a . 

Arsenites, as K 8 AsO s , with copper sulphate, give a green 
precipitate, copper arsenite, chiefly CuHAsO^, "Scheele's 
Green ": with copper acetate, a green precipitate of copper aceto- 
arsenite, 3Cu(AsO a ) a .Cu(C a H 8 O a ) a> " Schweinfurth Green," the 



* Mineralogy : Copper is found native, and as Chalcocite or Copper Glance, CuS; 
Chalcopyrite or Copper Pyrite, CuS, FeS, FeS 3 ; Bornite or Purple Copper, copper 
and iron sulphide ; Cuprite or Red Oxide of Copper, CuO ; Malachite, Cu a (OH)aC0 8 ; 

and Chrysocolla, a silicate. 



Copper: Bismuth. 77 

most common form of u Paris Green." The precipitates arc 
obtained from a solution of arsenious acid carefully neutralized 
with an alkali, but they are soluble in ammonium hydrate and 
decomposed by fixed alkalies. 

134. A strip of bright (not rusted) iron, or zinc, immersed 
a short time in a solution of copper salt, receives a bright cop- 
per coating (a distinctive and delicate test), 

.CuS0 4 + Pe = Cu + FeS0 4 . 

For every 63.3 parts of copper deposited, 56 parts of iron (or 
65 parts of zinc) are dissolved off, as shown by the equation 
with reference to the atomic weights. 

135. Ignition of copper compounds, with sodium car. 
bonate, on charcoal, leaves metallic copper in finely divided 
grains : 

2CuS0 4 + 2Na,CO B + C = 2Cu + 2Na t S0 4 + 3CO a 
For the bead test, see 320. 

Bismuth. 

136. In the metallic state, bismuth is used in t€ fusible 
metal " (bismuth, lead, and tin), and other alloys. The metal 
is found native. 

Bismuth basic nitrate, BiONO,. "Subnitrate of Bismuth," 
U. S. P. 

Bismuth basic carbonate. "BiflJ&O^ " Subcarbonate of Bis- 
muth," U. S. P. 

Bismuth basic chloride, or oxychloride, BiOCL "Pearl 
White." 

137. The compounds of trivalent bismuth (Bi"') are more 
specifically termed bismuthous compounds, to distinguish them 
from quinquivalent bismuth compounds (of Bi v ), designated as 
bismuthic. The latter are mostly very instable. The metal is 
dissolved by nitric acid. 



# 



78 BiSMurm 

138. Most of the "soluble salts " of bismuth only partially 
dissolve in pure water, requiring acidulated water for full solu- 
tion. The solutions most used are the normal nitrate (" the 
poisonous nitrate ") in water acidulated with nitric acid, and the 
normal chloride dissolved in water acidulated with hydro- 
chloric acid. Water, added to bismuth, out of proportion to 
the free acid present, decomposes the normal salt, and gives 
white precipitates of basic chloride, BiOCl, basic nitrate, 
BiONO,, or other basic salt : 

BiCl, + H a O = BiOCl + 2HC1 
Bi(NO,), + H a O = BiOWO, + 2HNO, 

139. Bismuth solutions, with alkali hydrates, precipitate bis- 
muth hydrate, Bi(OH) a , white, insoluble in excess of the 
reagents (with ammonium hydrate, a separation from copper). 
Carbonates precipitate basic carbonate, Bi a O a CO a , the " subcar- 
bonate" of medicine. Hydrosulphnric acid, and sulphides, 
precipitate Bi a S 8 , black. Chromates (normal and super salts) 
precipitate basic chromate, Bi a O(CrOj a , yellow, distinguished 
from lead chromate by not dissolving with fixed alkali. Phos- 
phates precipitate BiP0 4 , white, less easily soluble by nitric 
acid than other phosphates, so that free phosphoric acid preci- 
pitates bismuth nitrate acidulated solution (not bismuth chlo- 
ride acidulated solution). In solutions of bismuth salts contain- 
ing only just enough acid to prevent precipitation, iodides cause 
some precipitate of BiOI with formation of 



140. Ignition on charcoal, with sodium carbonate, leaves 
metallic bismuth in little lustrous globules, brittle under the 
knife or hammer (the brittleness, a distinction from lead). A 
yellow incrustation of oxide forms on the charcoal, about the 
globules. 

2Bi a O a + 30 = 6Bi + 3CO a 

4BiONO, + 2Na t CO a + 30 = 4Bi + 4MaM"O a + 5CO a 
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80 Lead: Forms and Reactions. 

Lead. (First Group Metals : Pb, Ag, Hg a "). 

142. Common Forms : * 

Metallic Lead and its alloys. Tinner's solders contain lead. 

Lead basic Carbonate. " White Lead." 

Lead oxide, PbO. " Litharge." " Massicot." Plumbic 

oxide. 
Triplumbic tetroxide, Pb $ 4 . " Red Lead." 
Lead dioxide, PbO a . Brown. Native, brilliant crystals, 

Plattnerite. 
Lead Chromate, PbCr0 4 . " Chrome Yellow." 
Lead Acetate, Pb(C 9 H,0 1 ) a . Crystallized, Pb(C a H 1 9 ),3H,0, 

« Sugar of Lead " ; " Acetate of Lead," U. S. P. 
Lead basic Acetate, chiefly PfyO^CyB^Oj,,. " Solution of 

Subacetate of Lead," U. S. P. ; " Goulard's Solution.'' 

143. In the permanent salts of lead, the metal acts as a dyad. 
The acetate and nitrate are the only soluble salts in use. The 
sulphide, chloride, sulphate, and chromate, are the precipitates 
most important in analysis. In the First Group, very few of 
the salts are soluble in water. 

The metal is dissolved by nitric acid used pretty dilute : the 
strong acid does not dissolve it. 

144. Solutions of lead salts give precipitates as follows : 

With Fixed alkali hydrates, lead hydrate, Pb(OH) 3 , soluble in 
excess of the alkali. 

Ammonium hydrate, lead hydrate, Pb(OH) s scarcely formed 
with lead acetate. 

Carbonates, lead basic carbonate, as (PbCOj a Pb{OH) a , white. 

H a S and Sulphides, PbS, black, insoluble in dilute acids or in 
alkalies. 



* Mineralogy: Galenite or Galena, PbS; Cernssite, PbCO, ; Pyromarpntte, 
8Pb 9 (?0 4 ),.FbGls ; Plattnerite, lead dioxide. 



Lead: Reactions. 81 

H a S0 4 and Sulphates, PbS0 4 , white, slightly soluble in strong 
acids.* 

HCfl. and Chlorides, Fbd,, white, somewhat soluble in cold 
water, more soluble in hot water, separated by hot water 
from AgCl and Hg a Cl,. Lead cannot be removed in 
the first group. 

Bromides, PbBr a , white, somewhat soluble. 

Iodides, Pbl t , yellow, somewhat soluble in excess of precipitant. 

Chromates, PbCr0 4 , yellow, dissolved by fixed alkalies (dis- 
tinction from bismuth chromate). 
Phosphates, Pb a (P0 4 ) a , white, insoluble in dilute acetic acid. 
Oxalates, PbC a 4 , white. 
Sulphites, PbSO,, white. 

145. On charcoal, with sodium carbonate, by ignition, lead 
globules are obtained, malleable under the hammer and soft 
under the knife (distinction from bismuth), while a yellow in- 
crustation of lead oxide forms around the mass. The reduction 
of sulphate, on charcoal, is as follows : 

2PbS0 4 + 2Na a CO, + C = 2Pb +2Na a S0 4 + 3CO a 

Meanwhile, some of the alkali sulphate is reduced : 

Na a S0 4 + 2C = Na a S + 2CO a 

In a crucible, without charcoal, there is simple transposition 
without reduction, but with dissociation of PbCO s : 

PbS0 4 + Na a CO, = Na a S0 4 + PbO + CO a 

See, further, under Sulphuric Acid, 285. This fusion with so- 
dium carbonate is used, in analysis, to obtain solutions. The 
fused mass is treated with water and this solution tested for the 



* On dilating the solution of lead sulphate in strong acids, the lead sulphate is pre- 
cipitated again. The sulphuric acid of commerce frequently becomes turbid when 
diluted with water, owing to lead sulphate being present as an impurity. 
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acid (S0 4 ), when the residue is dissolved by an acid (HNO, for 
lead) and this solution tested for the base (321, fifth clause). 

Silver.* 

146. Metallic Silver is used mostly in alloy with a small 
proportion of copper — the U. S. coin standard being 90 per 
cent, silver and 10 per cent, copper. In plated wares, the 
coating is pure silver. The salt in use is, 

Silver Nitrate, AgNO,, crystallized (anhydrous) in the " Ni- 
trate of Silver " of the U. S. P., obtained vitreous by melt- 
ing, as in "Fused Nitrate of Silver," U. S. P., or "Lunar 
Caustic." In solution, used as an indelible ink (149). 

147. The metal dissolves with nitric acid. The only solution 
of silver used in ordinary analysis is the nitrate. The chloride 
precipitate and its solubility in ammonium hydrate are of first 
importance in the analysis of silver salts, or of chlorides. Un- 
like lead, silver can be wholly removed in Group I. The sul- 
phide and iodide are frequent precipitates in analysis ; and the 
reduction of silver by metallic copper, etc;, should be well 
studied. 

148. Solutions of silver salts give precipitates as follows, 
on adding — 

Fixed alkali hydrate, silver oxide, Ag a O, gray, not soluble in 
excess. 

Ammonium hydrate, silver oxide, Ag 9 0, soluble in excess. 

H 2 S and Sulphides, silver sulphide, black. 

HC1 and Chlorides, silver chloride, white, easily soluble in am- 
monium hydrate as ammonio silver chloride, (AgCl),- 
(NH,),, scarcely at all soluble in nitric acid, the First 
Group Precipitate. (Equations in 204 a.) 

* Mineralogy: Silver is found native. Argentite is silver sulphide ; Pyrargyrite is 
represented by (Aflr 9 S)sSb s S* ; and Cerargyrite, or Horn Silver, is silver chloride. 
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Bromides, silver bromide, AgBr, white with yellowish tint. 

Iodides, silver iodide, pale yellow, soluble in excess of El or 
Nal, forming KTAgI, etc. 

Cyanides, AgCy, white, soluble in excess, as KCyAgCy, etc. 
« Cyanide of Silver," U. S. P. 

Carbonates, Ag t CO„ white, soluble by NH 4 OH. 

Phosphates, Ag 8 P0 4 , light yellow, soluble by NH 4 OH. 

Chromates, Ag,0rO 4 , dull red. 

Oxalates, Ag a t O 4 , white. Detonates when heated, dry. 

1481 Silver is easily deoxidized. A bright strip of copper, 
in solution of AgNO,, becomes coated with lustrous metallic 
silver, while copper nitrate enters into solution. (Compare 
with 134, and write an equation for this reduction correspond- 
ing with that.) Silver chloride, acidulated, is reduced by zinc. 
Perrons salts reduce silver as Ag in brown-black precipitate, 
while ferric salt is formed. A silver mirror lining may be 
made in a test-tube or a flask, by treating therein a solution of 
silver nitrate with either of the following : (1) A little of solution 
of chloral hydrate and then very small additions of ammonium 
hydrate ; (2) solution of potassium tartrate to precipitate, then 
ammonium hydrate to dissolve nearly all the precipitate, then 
warming on the water bath ; (3) ammonium hydrate to nearly 
dissolve the precipitate at first formed, then a little dilute alco- 
holic solution of oils of cloves and cinnamon. Organic fabrics 
and tissues, under the influence of light, reduce silver from its 
salts to black argentous oxide, Ag 4 0, and to metallic silver, 
black — these making the stain of silver salts, on the skin or hair 
or on cloth. The stain is gradually removed by the solvent ac- 
tion of potassium cyanide (poisonous) or of sodium hyposul- 
phite (thiosujphate). Silver nitrate, for medicinal solutions, 
should bofcmssolved in distilled water, melted ice being next 
best. Water containing organic matter, as rain-water, will 
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hold silver nitrate in solution very much longer if protected 
from the light. 

150. Ignition on charcoal with sodium carbonate gives glo- 
bules of metallic silver. 

Mercury. 

151. Common forms : 

Mercury, the liquid metal. Quicksilver. Finely divided and 
slightly oxidized, in "Pills of Mercury," U. S. P., or 
" Blue Mass," and " Mercury with Chalk," U. S. P. 

Mercurous Chloride, Hg t Cl 2 (or HgCl). " Mild Chloride of 
Mercury," U. S. P. j " Calomel " ; " Subchloride of Mer- • 
cury "; " Protochloride of Mercury." 
^Mercuric Chloride, HgCl a . " Corrosive Chloride of Mercury," 
U. S. P. ; " Corrosive Sublimate "; u Bichloride of Mer- 
cury "; " Protochloride of Mercury." 

Mercurous Iodide, Hg 9 I,. u Green iodide of Mercury," U. S. P. 
^Mercuric Iodide^ Hgl 8 . " Red Iodide of Mercury," U. S. P. 

Mercurous Oxide, Hg a O, black. In u black wash." 

Mercuric Oxide, HgO, red. In " yellow wash." 

Mercuric Sulphide, HgS. " Vermilion." * 

^Mercuric Nitrate, Hg(NO,) a . In u Solution of Nitrate of Mer- 
cury," U. S. P. 

152. The only MEBCTJKOUS salt much used in solution is 
the nitrate, Hg a (NO s ) a , somewhat instable, requiring free acid 
to prevent decomposition by water, and almost sure to contain 
mercuric salt. The chief precipitate and insoluble mercurous 
compound is the chloride, Hg 3 Cl 2 (blackened by alkalies). J 

Mercury is dissolved by nitric acid, mercurous salt forming 
by excess of mercury; mercuric salt, when nitric acid is in 
excess. 



* In Mineralogy : Cinnabar, 
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153. Solutions of Mercurous Salts, with 

Fixed alkali hydrates, precipitate mercurous oxide, Hg a O, 
black. 

Ammonium hydrate, — mercurosammonium salt, as NH s Hg a - 
NO a , or from chloride, MTI a IIg a CL* (" Amido-mercurous 
chloride/') Black. 

Sulphides and H a S, — Hg a S and HgS, black, insoluble in nitric 
acid. 

Hd and Chlorides, — mercurous chloride, Hg a Cl a , " calomel," 
First Group Precipitate, changed by ammonium hydrate 
into NH a Hg a Cl, black. 

Bromides, — Hg a Br a , yellowish white. 

Iodides, — Hg a I a (green), with Hgl a (yellow to red), soluble by 
excess of EI, except a brown residue of Hg. 

154. Stannous Chloride precipitates, from mercurous nitrate, 
first HgjClj, white, then, by more stannous salt, a dark preci- 
pitate of Hg is formed, with stannic salts, Sn(NO a ) 4 and SnCl 4 , 
in solution. See 157, as to this and other reductions. 

155. The MEBCTJBIC Salt chiefly used in solution is the 
chloride. The nitrate requires acidulated water for complete 
solution. The oxide, mercurammonium chloride, sulphide, 
iodide, and metallic mercury, are characteristic precipitates. 
Mercury is readily identified in the dry way, by 158. . 

156. Precipitations of Mercuric Salts : 

Fixed alkali hydrate, HgO, reddish to yellow, "yellow oxide 
of mercury/' U. S. P. ; '< red precipitate." 



* The snbstitution of Hg a " for 2H' in the base ammonium {NH'HITH', or 
NH'H'Hgr'-Hff). 
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Ammonium hydrate, mercurammonium salt, WH a HgCl * with 
the chloride, white, the u ammoniated mercury " of the 
U. S. P., a white precipitate," " amido-mercuric chloride." 

HJ3 and Sulphides, HgS, black, passing through shades of 
orange and brown before completely formed. With insuffi- 
cient H a S, the precipitate dissolves on shaking. This 
substance, when dried and triturated with heat, turns red 
(manufacture of "vermilion"). It dissolves by nitro- 
hydrochloric acid (not by nitric acid). 

Iodides, mercuric iodide, Hgl s , yellow to red, soluble by excess 
of HI, forming (KI) a HgI a , (and other soluble potassio-mer- 
curic iodides) used as a reagent in precipitating ammonium 
hydrate (in absence of free acid), also a general precipitant 
of alkaloids (even in presence of free acid). 

157. Stannous Chloride, gradually added to Mercuric Chlo- 
ride, precipitates first mercurous chloride, Hg s Cl 2 , white, then 
Hg, dark gray : ~ 

2Hgd a + SnCl, = H^d, + SnCl 4 
HgCl, + SnCl, = Hg + SnCl 4 

The metallic precipitate, warmed with hydrochloric acid and 
triturated under the glass rod, unites in globules of mercury. 

A clean strip of copper, in solution of any mercury compound, 
becomes coated with mercury, silver- white when gently rubbed. 

158. Before the blow-pipe, all forms of mercury readily 
vaporize. Any compound of mercury, mixed with sodium car- 
bonate (the mixture dry), when heated in a test-tube held 
obliquely over the flame, yields a sublimed coating of metallic 



* Substitution of Hgr" for 2H in the base NH 4 (NHHHff'Cl instead of 
LCI). 
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mercury in the outer part of the tube. This coating, when cool, 
rubbed with a glass rod, yields little globules of mercury. 
Mercury oxides give this result by heat alone ; but the chlorides 
require an alkaline base to unite with the chlorine, otherwise the 
chlorides sublime undecomposed : 

HgCl, + Na s CO, = Hg + O + 2NaCl + CO, 
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Arsenic. 

160. Common Forms: 

Arsenious oxide, As s O,. " Arsenious Acid," U. S. P. " White 
Arsenic." "Ratsbane." In solution with potassium acid 
carbonate, as potassium arsenite, in " Solution of Arsenite 
of Potassium," U. S. P., or " Fowler's Solution." 
Arsenious Sulphide, As s S 9 . "Orpiment." * " King's Yellow." 
Copper Aceto- Arsenite, 3Cu(As0 9 ) 9 .Cu(C ll H s O a ) ll . " Paris 
Green." u Schweinfurth Green." 

161. Arsenic is most common in its trivalent form, as 
As"',0 8 , etc., but its most stable compounds are those of quin- 
quivalent arsenic, as Ma s As v 4 . The solution in common use 
is that of As a O s ,' or, when dissolved, H,AsO s ; a solution requir- 
ing much water. With hydrochloric acid, the arsenious oxide 
dissolves more abundantly ; with alkalies, it is freely soluble. 

Arsenic is identified by the results of "Marsh's Test"; by 
ignition with charcoal ; by the green cupric precipitate, etc. 
Arsenic is not a base, though it needs be separated from the 
bases in analysis, and as the arsenites and arseniates of alkali 
metals are soluble in water, alkaline hydrates and carbonates, 
etc., do not precipitate arsenic. 

162. Solutions of Arsenious oxide (or of H s AsO s ) and of 
arsenites, with hydrosulplmric acid, the solution being acidi- 
fied with hydrochloric acid, form a yellow precipitate of arse- 
nious sulphide, As 3 S, (a). The precipitate scarcely at all dis- 
solves in hydrochloric acid, dissolves by qhlorine (action of 
nitro-hydrochloric acid, or of chlorate of potassium with hydro- 
chloric acid), forming H,As0 4 (I), and dissolves (in division of 
the second group) by ammonium sulphide (c) ; also, slowly, by 
ammonium carbonate. 



# ^.Mineralogy: Orpiment, As 3 S a ; Realgar, AssS s ; Arsenopyrite, or Mispickel, 
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a. 2H,AsO, + 3H 9 8 = As 9 8 s + 6H a O 

or As 9 O s + 3^8 = As 9 S, + 3H.O 
i. As a S s + 10C1 + 8H.O = 2H s As0 4 + 38 + 10HC1 
c. As a S, + 3(NH 4 ) 9 S = 2(WH 4 ) s AsS, * (variable). 

163. Solution of copper sulphate with arsenious acid, on a 
slight addition of NH 4 OH to neutralize the acid, gives a green 
precipitate of copper arsenite, CuHAsO, (see 133). Excess 
of ammonia dissolves the precipitate. Solution of silver ni- 
trate, in like manner neutralized, precipitates silver arsenite, 
Ag,AsO„ yellow. 

164. Marsh's test is an example of the reducing action of 
zinc, or other metal taken. When hydrogen is generated, by 
action of zinc and a metal (70 a)> in presence of As s O s , the H 
first, unites with the O, forming water) then H unites with As, 
forming the gas AsH 9 . In similar manner, hydrogen with any 
compound of arsenic will generate arsenious hydride : 

Zn + H,S0 4 = ZnS0 4 + 2H 

MP, + 12H = 3H 2° +2AsH, 
As a 8 + 6Zn + 6H a S0 4 = 6ZnS0 4 + 3H a O + 2AsH t 

H,AsO s + 3Zn + 3H a S0 4 = 3ZnS0 4 + 3H a O + AsH, 

To conduct the operation, place in the generator of Marsh's 
apparatus three or four cubic centimeters (about a fluid dram) 
of a mixture of one part of sulphuric acid and eight to ten parts 
of water. Add some granulated zinc, add the solution to be 
tested for arsenio (free from chlorine), at once close the appara- 



* Ammonium sulpharsenite, a sulphur salt corresponding to the tribaslc oxysalt, 
(27H 4 ) 9 Ab0 3 . The ammonium sulphide eolation is precipitated with acids, as the 
original ABjSa, with free sulphur : 

2(NH<) 3 AsS, + 6HC1 = AaA + 6NH4CI + 3H*S. 
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tus and immediately * conduct the escaping gas into a little so- 
lution of silver nitrate, by immersing the delivery-tube therein. 
If arsenic (or antimony) is present, there will be a black preci- 
pitate — Ag in case of arsenic (SbAg 9 in case of antimony). 
When enough precipitate is obtained — but not until the air is 
expelled from the apparatus f — the delivery-tube may be taken 
out of the solution, and the gas at once lighted at the orifice. 
Hold cold porcelain in the flame, when arsenic separates in lus- 
trous dark steel-gray spots, and antimony in velvety black 
spots : 

2AsH 8 + 30 = 2As + 3H a O 

The spots of arsenic are soluble in ^Station of sodium hypo- 
chlorite J (" chlorinated soda "), thr antimony spots not soluble 
in this reagent. The material subjected to Marsh's test must 
be free from oxidizing agents, sulphides, and from organic mat- 
ter* To ensure that the chemicals and apparatus are free from 
arsenic, conduct a blank operation with them. 

165. The action of arsenious hydride in silver nitrate 
solution is represented by this equation, Ag being precipitated 
and arsenious acid left in solution. 

AsH, + 6AgNO s + 3H a O = 6Ag 4- H 8 As0 3 + 6HNO, 

(Compare SbH 8 , 178.) Now, a yellow precipitate by hydro- 
sulphuric acid in this solution gives conclusive evidence of 

* Arsenious hydride gas is a deadly poison. Its escape into the air is prevented 
by first delivering into the silver solution where it decomposes, and then, when the air 
is carried out so that the gas will not explode, burning the- gas. If the apparatus en« , 
ables the arsenic solution to be introduced into the generator after the gas has been 
running a while, it may be lighted even before, and directly after the arsenic solution 
is introduced. 

t Any comestible gas, mixed with air in due proportions, explodes when ignited. 
Kerosene explosions are caused by vapor of the oil, mixed with air, and ignited. 
Even very fine and combustible duet, well mixed with air, will explode when lighted, 
as has occurred in grain mills. If there is no air in the generator, the gas of Marsh's 
test may be lighted as safely as city gas at any gas-burner. 

% This solution is not good unless it bleaches litmus-paper. 
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arsenic, but it is first necessary to filter out the black precipi- 
tate of Ag, and then * necessary to remove all the silver nitrate 
left undecomposed by the gas, adding just enough hydrochloric 
acid to complete the white precipitate, AgCl, and filtering this 
out. (Avoid excess of HC1, as this dissolves a trace of silver.) 
If there remains any silver nitrate in solution, the yellow 
arsenic precipitate will be darkened, or even blackened, by it.f 

166. Metallic aluminium, and excess of strong solution of 
potassium or sodium hydrate, with compounds of arsenic, on 
boiling the mixture to start the reaction, give arsenious hydride 
gas, — a distinction and separation from antimony. Phosphoric 
acid gives PH 8 , interfering with this test. The sulphide of 
arsenic will serve in this test. 

167. If the narjow delivery-tube of Marsh's apparatus be 
heated to redness, while arsenious hydride is passing, free 
arsenic will be deposited on the surface of the tube as a mirror 
coat. The mirror is beyond the flame in case of arsenic; 
before the name in case of antimony. 

168. Arsenious compounds are oxidized to arsenic com- 
pounds, as As,O b or H 8 As0 4 , by nitric acid, chlorine, bromine, 
permanganate, and a large number of oxidizing agents. 

169. All compounds of arsenic, ignited with sodium car- 
bonate, on charcoal, give the garlic odor of vaporized elemen- 

• Observe that Sb Ag: 3 is dissolved by HCL 

+ The " analytical equations " for arsenic, in the work of separation by 187, may 
be given as follows : 

(1) 2H 3 As0 3 + 8H a S = A8 2 S 8 + 6H a O 

(2) As,S, + 8(NH4) a S = 2(NH 4 ) 8 AbS 9 

(3) 2(NH<) 8 AflS 8 + 6H01 = As,S 9 + 6NH 4 C1 + 3H,S 

(4) As a S, + 28Cl + 20H,O = 2H 3 AflO 4 + SH 2 SO 4 +28HCl 

or As 3 S s + 10C1 + 8HaO = 2H S AsO« + 8S + 10HC1 

(5) HsAsO 4 + 4Zn + 4H 3 SO 4 = 4ZxiS04 + AsHa+4H 9 O 

(6) AsH, + GAfflTO, + 3H 3 = 6A* + H 8 AbO, + 6HNO3 . 
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tal arsenic. If, in a small tube closed at cne end, dried arsenical 
material be introduced to the closed end, a fragment of charcoal 
pressed down upon it, on igniting first the charcoal and then the 
material, a mirror of As forms above the heated part, and the 
garlic odor is obtained. Arsenious oxide sublimes unchanged, 
in absence of charcoal and other reducing agents, forming octa- 
hedral crystals (microscopic). 

170. Arsenic Acid, H 8 As0 4 , forms salts closely resembling 
the phosphates, in solubilities and many other properties. At 
a moderate heat, it is changed to arsenic oxide, or anhydride, 
As s O,, which bears a dull red heat without change ; but the 
alkaline arseniates arc unchanged at full red heat (in absence of 
charcoal and other reducing agents). 

Arsenic acid, be it observed, is the form of arsenic obtained 
in dissolving arsenious sulphide (whether by nitric acid or 
chlorine). 

171. Arsenic acid is but very slowly precipitated by hydro- 
sulphuric acid, full precipitation requiring twenty-four hours' 
treatment with the gas in warm solution. Little or no color is 
obtained at first (a distinction from arsenious acid). The pre- 
cipitate is a reduction to arsenious sulphide, As s S s , with free 
sulphur, — arsenic sulphide not being formed. For solubilities 
of the precipitate, see' 162. 

In Marsh's test, the reaction is nearly as prompt as with 
arsenious acid : 

H,As0 4 + 4Zn + 4H a S0 4 = 4ZnS0 4 + 4H a O + AsH, 

172. In solutions of arseniates, magnesium salts, with am- 
monium chloride and hydrate, precipitate ammonium magne- 
sium arseniate, MgNH 4 As0 4 (a distinction from arsenites). 
Silver nitrate precipitates Ag 8 As0 4 , reddish-brown. Ammo- 
nium molybdate, in solution with acid, gives a yellow precipi- 
tate, like that with phosphates (distinction from arsenite). 
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178. As reducing agents, sulphurous acid and thiosulphates, 
oxalic acid, and stannous chloride, change arsenic acid to 
arsenious forms. 

Antimony, 

174. Common Forms : 

Metallic antimony in certain alloys, — lead and antimony being 
type-metal, and tin with antimony, britannia metal 

Antimonious Chloride, SbCl s . " Butter of antimony ." 

Antimonious Sulphide, 8b a S s . Native,* it is black, the u Sul- 
phuret of Antimony " of the U. S. P., or " black antimony ," 
that mostly sold under this name at present being nearly 
or quite destitute of any compound of antimony. The 
" Oxysulphitret" U. S. P., "kermes mineral," is brown 
to reddish-brown. " Golden sulphuret " is Sb 9 S ft . 

Potassio Antimonious Tartrate, KSbOC 4 H 4 6 ; " Tartrate of 
Antimony and Potassium," U. S. P. ; " Tartar Emetic " or 
" Tartarized Antimony." 

175. The most stable compounds of antimony are the anti- 
monious (those of Sb'"). Antimonic compounds contain Sb v , 
some of which are stable in the solid state. The solution most 
used is that of antimonious chloride, requiring free acid, as pure 
water decomposes a part of the salt (176). The tartrate, how- 
ever, and the potassio tartrate, dissolve in water without acidu- 
lation. The solvent for the metal is dilute nitrohydrochloric 
acid. 

Antimony is identified by its precipitation with water, the 
color and solubilities of its sulphide, and especially by Marsh's 
test. 

176. Antimonious chloride solution, not containing too much 

* Mineralogy : Stlbnite is Sb^Sg ; Jamesonite contains antimony, lead, and other 
metals, combined with sulphur. 
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N 

free hydrochloric acid (like bismuth and tin), is precipitated 
by addition of sufficient water, as antimonious oxychloride, 
SbOCl, soluble in hydrochloric acid. 

177. Solutions of Antimonious Salts, with alkali hydrates, 
precipitate antimonious oxide, 8b s O, ( u Oxide of Antimony," 
U. S. P.), soluble in excess of fixed alkalies, not readily soluble 
in excess of ammonium hydrate. 

Hydro8nlpliurio acid, best added to a moderately acidulated 
solution, precipitates antimonious sulphide, Sb,8„ orange, 
soluble in strong hydrochloric acid, scarcely at all in solution 
of ammonium carbonate (two ways of separating from arsenious 
sulphide). The precipitate dissolves in (yellow) ammonium 
sulphide (in. common with arsenic and tin, in the division of the 
second group) — the solution containing ammonium sulphanti- 
moniate, (KH 4 ),SbS 4 , from which acids precipitate the orange - 

antimonic sulphide, Sb s S ft . 

».- 

178. In Marsh's test, conducted exactly as directed for 
arsenic, in 164, the gas antimonious hydride, SbH„ is ob- 
tained, but less readily than with arsenic, the antimony being 
at first reduced to 8b, remaining in the generator, and gradu- 
ally uniting with nascent hydrogen to form the gas. 

. SbCl, + 3Zn + 3Hd = 3Znd, + SbH, 

SbCl, + 3Zn + 3H,S0 4 = 3ZnS0 4 + 3HC1 + SbH, 

4 In passing the gas into silver nitrate solution, if antimonious 
chloride is used, the action should be moderated by using suffi- 
ciently dilute acid, and the generator kept cool, to prevent un- 
due precipitation of the silver as a chloride, white, by the 
hydrochloric acid carried over*. The antimony enters into the 
precipitate, SbAg, : ' 4 

SbH, + SAgtfO, = SbAg, -f 3HNO, 

The precipitate should be filtered out, boiled with hydrochloric 
•acid, the mixture well dilated and filtered ; the filtrate will give, 
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with hydrosulphuric acid, an orange precipitate, evidence of 
antimony. 

As to the spots of Sb left by the flame of antimonious hydride 
upon cold porcelain, see 164. 

178. By ignition on charcoal, with sodium carbonate, all 
compounds of antimony are reduced to metallic antimony, 
forming rough brittle globules if the material is in a consider- 
able quantity, but the reduced metal vaporizes and oxidizes at 
the same time, the white oxide rising in abundant vapors and 
coating the support. 

Tin. 

180. Tin in the free state is in extensive use as a coating of 
sheet-iron in " tin plate,' 5 and as " block tin." u Pewter " is 
tin alloyed with a little antimony. 

Stannous CJiloride, SnCl a ; the crystals, with 2H a O, " tin salt," 

used as a mordant in dyeing. 
Stannic Chloride, SnCl 4 . " Butter of Tin." Used in dyeing, 

to brighten red colors, etc. 
Stannic Sulphide, SnS a . "Mosaic Gold." « Polisher's Putty " 

or " Putty Powder " is a crude stannic oxide.* 

181. The proper solvents of metallic tin are, to make stan- 
nous salts, hot hydrochloric acid, or very dilute nitric acid ; to 
make stannic salt, nitro-hydrochloric acid. The solutions in 
analytical use are, for stannous salts, acidulated solution of 
stannous chloride (a reagent much employed in reductions), and, 
for the tetrad condition, stannic chloride. By exposure to air, 
stannous chloride changes to stannic compounds, a change re- 
tarded by putting a bit of metallic tin in the bottle. 

Tin is characterized (with antimony and bismuth) by preci- 

* Mineralogy: Casalterite, stannite, tin-stone,— chiefly stannous oxide. 
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pitation with water ; separated (with arsenic and antimony) by 
the solution of its sulphide precipitate in ammonium sulphide, 
and separated from arsenic and antimony by its deposition in 
the generator of Marsh's apparatus. * 

■ 

182. Stannous chloride solution, not containing too much 
free acid, is precipitated white, on addition of water, Sn,OCl 8 
stannous oxychloride. Alkali hydrates precipitate stannous 
hydrate, Sn(OH) a , white, soluble in excess of fixed alkali 
hydrates by forming stannites (as K,SnO a ), but insoluble in 
ammonium hydrate. Carbonates precipitate stannous hydrate. 

183. Hydrosulphuric acid (and sulphides) precipitate, from 
stannous solutions, stannous stdphide, SnS, brown (stannic 
sulphide is yellow). The precipitate dissolves in yellow ammo- 
nium sulphide (not easily in colorless ammonium sulphide, see 
22) — soluble sulphostannates being formed, as (NH 4 ) a SnS, — a 
separation with antimony and arsenic from the other members 
of group second. The alkaline sulphide solution, with acids, is 
precipitated yellow as stannic sulphide, SnS a (see equation in 
note to 162 c). 

184. Tin is reduced by zinc, in acidulated solutions, as in 
Marsh's test, the metallic tin appearing as a gray spongy mass 
or dark gray powder. The reduction, in Marsh's test, is more 
complete if a piece of platinum foil be put in the generator with 
the zinc, if all the zinc is allowed to dissolve the tin may then 
dissolve, and the filtered solution may be tested for tin, with 
mercuric salt, as below. But the work for tin is best done, 
after Marsh's test for As and Sb, by dissolving the fine zinc and 
all the powdery residue in the generator with hot and mode- 
rately dilute hydrochloric acid (filtering to get a clear solution) 
and testing the solution, for stannous salt, with mercuric 
chloride (see 157). 

185. Stannous salts are oxidized to stannic salts whenever 
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the former are used as reducing agents, as with mercury salts, 
silver salts, ferric salts, etc. ; by exposure to the air, and "by 
nitric acid, chlorine, etc. 

By ignition^ on charcoal, with sodium carbonate (and, better, 
with potassium cyanide) tin is easily reduced, from its corn- 
pounds, to lustrous malleable globules, a slight white incrusta- 
tion of stannic oxide being formed. 
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188. Exercises with Second Group Metals, and with 
metals of different groups. 

a. Work with a solution of a salt of each member of the group, fol- 
lowing the text, with constant observation of the Tables for Comparison : 
at 130, for Bi, Cu, C4 ; at 141, for Pb, Ag, Hg a w , Hg ff ; at 159, for 
As, 8b, Sn. Write equations for all chemical changes in this work. 

b. Find the bases of each of the following salts, working their solu- 
tions, as would be done with unknown material, by the Tables at 186 
and 18? : Lead acetate solution, Mercuric chloride solution, Copper 
Sulphate solution, Arsenious acid solution, Antimonious chloride solu- 
tion, Stannous chloride solution. Write equations, as fully as possible, 
for all the changes occurring in these analytical operations. 

c. Work the following separations, as directed in the Tables at 186 
and 187 : 

Solution of Pb(GtHsOa)s, with AgNOs, and Hg*(NO»)s. 

Solution of Pb(C 8 HsO*) 3 , with Bi(NO»)», and Cu(NO s >. 
Solution of PbCls, with HgCls. 
Solution of HsAsOs, with SbClt (and HOI to dissolve). 
Solution of HsAsOs, with SbCl«, and SnCl, (with HG1). 

d. Separate the following metals : 

Cu from Fe*, as sulphates (187 and 126). 

Pb (as nitrate) from Ca (as nitrate), (186, 187, 126, 59). 

Base from acid, in KaAsOs solution (187, 126, 59, 60). 

Ag from Ba, as nitrates (186, 187, 126, 59). 

Cu from Al, and Mg, as sulphates (187, 126, 59). 

Hg" from Zn, and NH<, as chlorides (187, 127, 59). 

' e. Separate the bases in the following mixtures, by methods other %V 
than those of the Tables of this work : *..■ 

Ag from Fe* VI , in solution of nitrates : * 

(1) By a chloride (identifying the iron). 

(2) By an iodide 

(8) By ammonium hydrate (identifying the iron and silver). 
(4) By metallic zinc 

Cu from Ba, in solution of chlorides, by at least four different plans, 
identifying each metal, and not using the same reagent for sepa- 
ration a second time. 

Bi from Zn, in solution of chlorides, by as many different plans as 
may be found. 
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Hg from Al, in solution of chlorides, by as many different plans 
as may be found. 

Gold. 

189. Coin Gold, U. S. standard, is 90 per cent, gold and 10 
per cent, copper. An alloy of gold and silver is silver-color 
even when having 40 per cent, of gold, and so little as 2 per 
cent, of silver makes the alloy brass-color. Pure gold is not 
affected by nitric acid, but quickly dissolves as AuCl,, auric 
chloride, by action of nitro-hydrochloric acid or free chlorine. 
An alloy of gold-copper or gold-silver having not over 20 per 
cent, of gold is disintegrated by nitric acid (of 20 per cent.), 
the gold being separated undissolved. 

190. The chief salt of gold is auric chloride, no oxy-salts 
being formed, and aurous compounds (those of Au ; ) being 
instable. Gold is most easily separated and distinguished by 
its reduction to free metal. Solutions to be tested for gold 
may be tested at once by adding oxalic acid and ammonium 
oxalate and setting aside a short time, when all the gold is 
reduced (platinum and palladium not reduced), and the filtrate 
can then be worked for the successive group precipitates. 

1 191. la solution of auric chloride, AuCl,, fixed alkalies cause 

no precipitate (owing to formation of soluble double chlorides), 

i but ammonium hydrate precipitates ammonia aurate, (NH,) - 

Au a O„ reddish-yellow, « fulminating gold." Hydrosulphnric 
acid precipitates auric sulphide, Au a S,, black, changed by boil- 
ing to brown aurous sulphide, Au 9 S, both slowly soluble in 
ammonium sulphide. This solution is precipitated by acids, 
so that, if not first removed by oxalic acid (190), gold will be 
separated with As, Sb, and Sn, in Group L All reducing 
agents precipitate gold, Au, brown to violet, the washed pre- 
cipitate made compact and lustrous by trituration. Ferrous 
sulphate, Oxalic acid, and Stannous chloride are used as reduc- 
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ing agents, the precipitate formed by the latter containing tin 
oxides and being known as " purple of Cassius." 

Platinum. 

192. " Platinum black " is platinum precipitated from alka- 
line solution by alcohol ; " platinum sponge " is a porous, 
slightly coherent condition of the metal obtained by ignitiou of 
ammonio-platinic chloride. Platinum is insoluble in nitric acid, 
and slowly dissolved by nitro-hydrochloric acid or other form 
of free chlorine, forming platinic chloride, PtCl 4 . The metal 
requires the heat of the oxy-hydrogen blow-pipe tor fusion. 

193. Preservation of Platinum Vessels. 

(1) Melted metals, reducible metallic compounds ignited on 
charcoal, or ignited with reducing agents, quickly alloy with 
platinum, melting foil or wire at once. 

(2) Free chlorine and bromine attack platinum at ordinary 
temperatures. Free qulphur, arsenic, phosphorus, and iodine 
attack ignited platinum. Hence, fusion of sulphides, etc., with 
reducing agents, is more or less injurious to platinum. 

Platinum surfaces are cleaned by fusing borax on them ; 
also, by digestion with nitric acid. 

» 

194. In solution of platinic chloride, PtCl 4 , alkaline hydrates 
do not precipitate platinum as a hydrate, but form double salts, 
as potassio-platinic chloride, (KCl) a PtCl 4 , the potassio and am- 
monio double salts being only slightly soluble in water. These 
are precipitated best by adding potassium and ammonium 
chlorides. Hydrosulphuric acid, and sulphides, slowly preci- 
pitate platinic sidphide, PtS 2 , black, soluble in ammonium 
sulphide (along with As, Sb, Sn). Reduction is not effected 
by oxalic acid (distinction from gold), but is accomplished 
slowly by ferrous sulphate, and rapidly by zinc, — in each of 
these instances the metal being obtained in black powder. 
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Before the blow-pipe, compouncta of platinum are reduced to 
spongy platinum. 

Palladium. 

105. The forms of this metal much resemble corresponding 
forms of platinum ; though the palladious compounds (those 
of Pd") are much more stable than the palladic salts (those 
of Pd IV ). With iodides, palladious chloride precipitates pal- 
ladious iodide, Pdl,, black, a close separation of iodine from 
bromine and chlorine. The dark brown precipitate of palla- 
dious sulphide is insoluble in ammonium sulphide, soluble 
in nitro-hydrochloric acid, not in dilute nitric acid (accompany- 
ing HgS in the work of Group U.) Palladium is reduced by 
sulphurous acid, stannous and ferrous salts, and reduced to 
" sponge" by ignition on charcoal. 

Molybdenum. 

196. Molybdous compounds (those of Mo") are not stable 
in soluble forms, Molybdic salts (containing Mo™) — the chlo- 
ride, sulphate, nitrate — are had in solution. Molybdic anhy- 
dride, Mo VI O s , representing moly bdates as salts of H s Mo0 4 , is 
but slightly soluble in water, and is non-volatile. The alkali 
metal molybdates are soluble in water, other moly bdates in- 
soluble. Solutions of alkali metal molybdates, with acids, give 
a precipitate of Mo0 3 , soluble in excess of the acid. Ammo- 
nium molybdate, with enough nitric acid to redissolve the 
molybdic anhydride, is a Beagent much used for phosphoric 
acid, giving a yellow precipitate called ammonium phospho- 
molybdate (of variable composition), soluble in ammonia and 
other alkalies, somewhat soluble in excess of phosphoric acid 
(hence the molybdate must be used in excess). Sodium phos* 
phomolybdate is soluble in water, and precipitates ammonium 
from its salts ; also, it precipitates the organic alkaloids and is 
used as a general reagent for these bodies. Seducing agents 
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give various colored products with molybdates — the most fre^ 
quent being of blue color, intermediate oxides, molybdic mo- 
lybdates. Frohde's reagent for alkaloids is ammonium molyb- 
date freshly dissolved in over 1,000 parts of sulphuric acid — 
this reagent giving certain colors with alkaloids and other 
reducing agents. A stronger solution of molybdate in concen- 
trated sulphuric acid turns blue when heated to the vaporizing 
point of the sulphuric acid. 



QUALITATIVE CHEMISTRY OF THE METALLOIDS 

AND ACIDS. 

107. The three elements, c7ilorine, bromine, and iodine, dif- 
fer from each other with a regular and progressive gradation, 
in many particulars, such as the atomic weight, the physical 
condition of the elements, the stability of their corresponding 
compounds, and the solubilities of their similar salts. The 
gradation is found both in the univalent series, and in the pen- 
tivalent series. These orderly differences are, in good part, 
shown in the following table : 
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Chlorine, Bromine, Iodine. 
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Free Chlorine, 109 

198. CHLORINE is a greenish-yellow gas, suffocating to 
breathe, corrosive to organic tissues and fabrics, bleaching or- 
ganic colors, and being chemically very active. It can be 
obtained by acting on hydrochloric acid (or on common salt 
and sulphuric acid) with some strong " oxidizing agent," when 
the H of the HC1 enters into a new combination and the CI is 
set free, thus : 

2HC1 + O (nascent) = H s O + C1C1 

The following experiments are examples, identifying the free 
chlorine in each case, as advised in 109. 

a. Treat HC1, or NaCl and H a S0 4 , with MnO a , heating, as 
directed and explained in note under 100. 

b. Make nitro-hydrochloricacid, as directed in 22, warm, and 
test for chlorine. 

o. Treat HC1 with KCIO,, as directed in 210, and test for 
chlorine. 

199. Free chlorine is c/iaracterizedby bleaching wet litmus- 
paper; by liberating iodine from potassium iodide, this being 
a very delicate test if fresh starch paste is first added to the 
iodide (225 b) ; and by changing a ferrous salt to ferric salt, so 
that ferricyanide is not longer precipitated blue (see 99 b). It 
does not color starch (distinction from bromine and iodine). 

200. Chlorine gas is dissolved & little by water ; very little 
if the water is hot. The solution, Chlorine Water, is pharma- 
copceial, and is used as a reagent, as mentioned in 22. By 
standing, even in perfectly close bottles, it loses value, the 
chlorine decomposing the water and uniting with its hydrogen, 
so that test-paper is reddened and no longer bleached by it. 
Chlorine water is made by delivering chlorine gas into water 
(note under 100). If Marsh's apparatus is used to generate 
and conduct the chlorine, heating the generator, some hydro- 
chloric acid will be apt to go over with the chlorine, unless the 
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gas is passed through a "wash bottle "; nevertheless the acid 
chlorine water may be used for most tests. 

201. The chief Adds containing Chlorine are : 
Hydrochloric acid, HCT, forming chlorides. 
Chloric acid, HCl^ forming chlorates. 
Hypochlorous acid, HCl'O, forming hypochlorites. 

Hydrochloric Acid. 

202. Absolute hydrochloric acid (chlorhydric acid) is a 
colorless, caustic, suffocating gas ; soluble in about twice its 
weight of water, so that its strongest permanent -solution con- 
tains about 33 per cent, of acid (Hd). The U. S. P. « Hydro- 
chloric Acid" (" muriatic acid"), specific gravity 1.16, has 
about 32 per cent, of acid ; the reagent, of Fresenius' standard, 
sp. gr. 1.12, about 24 per cent, of acid. Even this solution, it 
will be observed, gives off gaseous acid (reddening litmus) on 
opening the bottle. 

203. On adding sulphuric acid to chlorides (in solid state 
or concentrated solution) hydrochloric acid is formed, and will 
escape with a slow effervescence. In this way, using common 
sodium chloride, the acid is manufactured on the large scale. 
The change is a transposition of the metal of the chloride for 
half or the whole of the hydrogen of the sulphuric acid : 

NaCl + H,S0 4 = NaHSO, + HC1 
2NaCl + H t S0 4 = Na,S0 4 + 2HC1 

But Hg, Ag, Pb, and Sn chlorides are decomposed with diffi- 
culty by sulphuric acid ; so that, if these bases are present, the 
test by the gas is not so readily made. 

204. The gas, generated as just mentioned, is identified as 
follows : (In common with other vaporous acids, it reddens 
wetted blue litmus-paper.) (If bromides are present, see 205.) 
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(a) A drop of silver nitrate solution, on a glass rod, held in 
the mouth of the test-tube, is precipitated by the hydrochloric 
acid gas, as silver chloride, AgCl, white and curdy. A few 
drops of ammonium hydrate, in another test-tube, promptly 
dissolve the precipitate from the rod (a distinction from iodide) ; 
and now on adding a drop or two of nitric acid, enough to give 
the acid reaction to litmus-paper, the precipitate of AgCl ap- 
pears again, — evidence of chloride. (Compare, under Silver, 
148.) 

HC1 + AglTO, = AgCl + HNO, 

2AgCl + 3HH 4 OH = (AgClJ^NH,), + 3H t O 
(AgCa) t (HH f ) f + 3HNO, — 2AgCl + 3HH 4 XTO, 

Mercurous nitrate solution is also precipitated by the gas, and 
concentrated solutions of lead salts (all the first group bases). 

(b) The gas HOI, with the vapor, NH,, arising from ammo- 
nium hydrate solution, forms a white cloud of ammonium chlo- 
ride (in the solid state). Other volatile acids, however, to some 
extent give a white cloud of ammonium salts in this test. 

205. Solutions of chlorides, and hydrochloric acid, are pre- ' 
cipitated by salts of First Group metals ; the chlorides of other 
metals being soluble in uxtier.* Of the reagents, calcium, am- 
monium, and ferric chlorides may be taken for experiment, 
writing equations with each. Ordinary common salt is apt to 
contain an appreciable proportion of sulphate. The precipitates 
are : 

Silver chloride, AgCl, (as in the test of HC1 gas, 204 a). 
Mercurous chloride, Hg a Cl a , blackened by NH 4 OH, see Hg, 153- 
Lead chloride, Pbd a , sparingly soluble in water, 144. 

* Transposition between two salts : On mixing solutions of any ttoo salt* 
capable of forming \ by exchange of bases, a salt insoluble in the solvent present, the In- 
soluble salt it produced and precipitated. If lead sulphate is insoluble in water, the 
following change will occur and a precipitate appear as a result : 

Lead nitrate + sodium sulphate = lead sulphate -f sodium nitrate. 
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In presence of bromides, the tests by 204 cannot be relied on 
for chlorides, and, if iodides are present, these may be mistaken 
for chlorides unless the easy solubility of the silver precipitate 
in ammonium hydrate is assured. If bromides have been 
found, precipitate the solution with silver nitrate, wash the 
precipitate with water, digest with warm ammonium carbonate 
solution (or with very dilute ammonium hydrate), and slightly 
acidulate the filtered solution with nitric acid, when a precipitate 
gives evidence of chloride (in distinction from bromide or 
iodide). (See 197.) 

206. Silver chloride is not decomposed by acids ; Mercurous 
chloride is very slowly changed to mercuric salts by nitric acid ; 
and in analysis of both these chlorides, to find their acid radicals, 
they are fused with sodium carbonate on charcoal, . when the 
mass treated with water gives sodium chloride solution to be 
tested for the acid. In case of silver, the metallic mass, not 
dissolved by water, is now treated with nitric acid, when a solu- 
tion is obtained to test for bases. The following equations 
represent this class of changes : 

4AgCl + 2Na a CO, + C = 4Ag + 4Nad + 3CO, 

2Hg 9 Cl, + 2Na 9 CO, + C = 

4Hg (vaporized) + 4NaCl + 3CO t 

2FbCl, + 2Na a CO, + C = 2Pb + 4NaCl + SCO, 

Chloric Acid. 

207* Chloric acid, HCIO,, is so instable as to be difficult of 
preparation and preservation, and is not at all in use. The 
only chlorate in use is Potassium Chlorate (U. S. P.), one of 
the least soluble chlorates, requiring 12 to 16 parts of cold 
water to dissolve it. (In alcohol it scarcely dissolves at all.) 

All the metallic chlorates are soluble in water.* 

* There are three acids whose salts, in common use, are all soluble in water, 
namely : Nitric, Chloric, and Acetic acids. 
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208. Though causing no precipitates in water solutions, 
potassium chlorate has very serious incompatibilities. With 
any combustible material it makes an explosive mixture, like 
gunpowder, only more violent (!), exploding when heated and 
very liable to explode in the mortar. It should be pulverized 
by itself, and any combustible material should be mixed with * 
it either on paper or in some way devoid of pressure or concus- 
sion. A chlorate is an active oxidizing agent, more active than 
the nitre of gunpowder (the action of which is given in 237). 
KCIO, gives up $ , leaving Kd : a method of preparing oxygen 
gas. When any oxidizable substance is brought in contact with 
a chlorate, as soon as the mixture is ignited a very rapid and con. 
densed combustion takes place, the heated gases of which expand 
to their normal volume, as in case of most explosions. Of easily 
combustible substances, note charcoal, sulphur, sulphites, hypo- 
sulphites (thiosulphates), hypophosphites, reduced iron, sugar, 
tannic acid, and indeed all organic substances. 

209. On decomposing a small fragment of chlorate, in solid, 
with sulphuric acid, chloric acid is not obtained intact, but 
gaseous products of greenish yeltow color, with sharp detona^ 
tion ; the use of larger quantities giving violerft explosion. The 
detonation and gas color are characteristic of chlorates. Further, 
it is distinctive, that chlorates give no precipitates with any 
bases, but, when ignited (on platinum foil), are reduced to chlo- 
rides, whose solutions precipitate first group bases. 

210. Potassium chlorate and hydrochloric acid are much 
used together to furnish " euchlorine " and free chlorine, as an 
oxidizing agent. The action requires heating to start it. The 
results vary, but are represented by this equation : 

2KC10, + 4HC1 = 2KC1 + Cl a 4 + 2C1 -f 2H a O 

Hypochlorous Add. 

211. Hypochlorous acid, HC10, is very instable and is not 
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in use. Most metals form hypochlorites, all easily decom- 
posed. Combined hypochlorite-chloride of calcium, probably 
CaCl 2 .Ca(C10) t , is in very extensive use, as u Chlorinated 
Lime;' U.S.P., " Chloride of Lime," or « Bleaching Powder "— 
for bleaching cloth, paper, and other fabrics, and as a disinfectant. 
A corresponding sodium hypochlorite-chloride, NaCLNaCIO, 
in solution, is pharmacopoeial as "Solution of Chlorinated 
Soda,' 7 " Labarraque's Disinfecting Liquid." The chlorinated 
lime is manufactured by passing chlorine into slaked lime. The 
pharmacopoeia requires that it shall yield not less than 25 per 
cent, of free chlorine, on which its value wholly rests; but it 
loses chlorine so rapidly in the air that, in the dispensing trade, 
it is often nearly valueless.* 

The carbonic anhydride of the air liberates chlorine from the 
chlorinated bases, perhaps as follows : 

CaCl 9 .Ca(CK>) a + 2CO, = 2CaCO, + 4C1 

212. The chlorinated compounds are recognized by their 
strong, characteristic, chlorous odor ; by spontaneous evolution 
of chlorine gas, giving tests of the latter; by dissolving in water, 
and the solution both giving factions of a chloride and bleach- 
ing litmus. The oxidizing power of chlorinated compounds is 
very active, and is the same as that of chlorine gas in solution 
with free alkaline hydrate. 

213. BROMINE is in use as a very volatile liquid, giving 
off vapor so fast at atmospheric temperatures that it is confined 
with difficulty, even in small bottles, and boiling at 47° C. 
(117° F,) The vapor is brown-red, intensely caustic and suf- 
focating, with an odor somewhat resembling chlorine. It is 
BolubU in 33 parts of water (bromine water), freely soluble in 
water solutions of most bromides, and in alcohol, ether, chlo- 



* See U. S. P. quantitative test, requiring full oxidation of a certain quantity of fer- 
rous salt, by a stated quantity of the chlorinated lime. 
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roform, and carbon disulphide, — its solutions having an orange- 
yellow to brownish-yellow color. The use of carbon disulphide, 
or chloroform solution, in analysis, is given in 217. Bromine 
colors starch yellow. 

It dissolves colorless in alkali hydrate solutions, by forming 
bromide and bromate— the first step in one method of manu- 
facturing potassium and sodium bromide : 

6Br + 6KOH = 5KBr + KBrO, + 3H t O 

As to the relative chemical force of bromine, see 197. 

214. The Acids of Bromine : 

Hydrobromic acid, HBr', representing bromides. 
Bromic acid, HBr v O $ , representing bromates. 
Hypobromous acid, HBr'O, representing hypobromites. 

Hydrobromic Acid. 

215. Pure hydrobromic acid, HBr, is gaseous at common 
temperatures, but is dissolved and pretty well retained by 
water, a ten per cent, water solution being now in medicinal 
use. Potassium and ammonium bromides are pharmacopoeial, 
sodium bromide is used in medi^ne, and bromide of iron is in 
commerce as a form more 
bromine. 



im oromiaes are pnarmacopoeiai, 
iirine, and bromide of iron is in m 
cowenient to handle than free V 



216. Hydrobromic acid is farmed by transposition when 

dilute sulphuric acid, or excess of hydrochloric acid, is added 

to a bromide : 

2KBr + H,S0 4 » K 8 S0 4 + 2HBr 

Concentrated sulphuric acid liberates some free bromine, and 
Chlorine water does this completely. Hydrobromic acid, in 
the air, very slowly furnishes free bromine. Bromine is liber- 
ated at once by manganese dioxide with sulphuric acid, as stated 
in paragraph 100, where a corresponding equation for iodine is 
given. 

217* The test of free bromine, as evidence of bromides, is 
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made as follows : (a) To the concentrated solution; or solid 
substance, or residue by evaporation, in a test-tube, add good 
Chlorine water, then dilute and add about a cubic centimeter 
(£ fluid drachm) of carbon disulphide (or chloroform), agitate 
well, and set aside till the carbon disulphide (or chloroform) 
has settled into a clear layer below. A yellow color, or brown- 
ish yellow if the bromine is very abundant, indicates bromine. 
The test is but moderately delicate. 

(b) Add fresh starch, paste, then gradually add good Chlorine 
water, when a yellow color indicates bromine (not a delicate test). 

218. If iodides are present, only a test for iodine will be 
obtained by a or 6, so that it is necessary either to remove all 
the iodine or, what is more satisfactory, to oxidize it to 
iodic acid before a test for bromine can be made. To 
remove the iodine: (1) Add sufficient carbon disulphide, 
and then chlorine water, by drops, as long as the addition 
of the chlorine continues to deepen the violet tint of iodine. 
Remove the violet carbon disulphide with a small mouth 
pipette, or with a little siphon made of small glass tubing 
and first filled with water ; add fresh carbon disulphide and 
continue the gradual additiy** of chlorino. When the violet 
color is no longer obtained, with fresh carbon disulphide, or 
chloroform, continue for the bromine. (2) If iodides are 
abundant, the most of the iodine can be precipitated by adding 
copper sulphate solution with ferrous sulphate solution (228) ; 
when the filtrate must be treated as directed in (1). To oxi- 
dize- the iodine to iodic acid : Generate chlorine gas, in a tubu- 
lated flask, with manganese dioxide and hydrochloric acid (100), 
and conduct the chlorine into the solution, till the iodine 
color disappears, when the bromine test can be obtained. Strong 
chlorine, itself, may color carbon disulphide yellow (liberating 
sulphur). To avoid this, use chloroform. 

219. Bromides in solution^ are precipitated with — 
Lead salts, asPbBr,, less soluble in water than lead chloride. 
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Silver salts, as AgBr, less sol. in MH 4 OH than silver chloride, 

not dissolved by dilute nitric acid. 
Mercurous salts, as Hg a Br a , yellowish white. 

See Comparison with Chlorides and Bromides, 197. 

220. IODINE, as a free element, is an article of consider- 
able commerce, obtained from the iodides of kelp or sea- weed 
ash (set free as stated in 100) and from the iodates of Peruvian 
nitre. The U. S. P. has " Iodine," and a " Tincture," " Com- 
pound Tincture," and "Compound Solution " of iodine, the last 
two preparations containing potassium iodide. Iodine is used 
for the manufacture of iodides. 

221. iodine is in lustrous, iron-gray scales, subliming very 
slightly at common temperatures, melting at 107° C. (224° F.), 
and boiling at 180° C. (356° F.), the vapor having a bright 
violet color. It is slightly soluble in water, freely soluble in 
water solutions of iodides (including HI), and in alcohol, ether, 
chloroform, carbon disulphide, and glycerine, the iodine in all 
these solutions remaining chemically free, retaining its brownish- 
red color, and staining the skin, and turning starch blue, it 
dissolves with chemical combination, and loss of color, in solu- 
tions of alkali hydrates, forming, with fixed alkali hydrates, 
iodide, and iodate, as follows : 

61 + 6KOH = 5KI + KIO, + 3H.O 

This is the first step in the U. S. P. preparation of iodide of 
potassium ; and, with use of ammonium hydrate (water or spirit 
of ammonia), it is the chief reaction in preparation of the as- 
sumed " colorless tinctures of iodine. 99 These are solutions of 
ammonium iodide (U. S. P.) and iodate, liable to contain a 
dark precipitate of nitrogen iodides (1ST,, or NHI 3 , or MH,I), 
explosive, also liable to contain iodoform if alcohol is present. 
Sulphites, and hyposulphites, and carbolic acid, are likewise 
used to furnish so-called colorless iodine solutions, but no solu- 
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tion holding free iodine is colorless, or applicable to the skin 
without staining it. The action of a sulphite upon free iodine 
is an example of the action of reducing agents generally, includ- 
ing hydrosulphuric acid and arsenious acid : 

21 + H a O + Na,SO, = 2HI + Na a S0 4 
21 + H.S = 2H a I + S 

The blue iodized starch is decolored by the above-mentioned 
and other alkali hydrates and reducing agents,* no compound 
of iodine giving the blue test with starch. 

222. The Acids of Iodine here given for study are : 

Hydriodic acid, HI', forming iodides. 
Iodic " HTX),, " iodates. 

Hydriodic Acid. 

223. Absolute hydriodic acid, HI, is gaseous, but dissolves 
abundantly in water. Both the gas and the solution are color, 
less when undecomposed, but begin at once to turn red-browu 
in the air by separation of free iodine : 2HI + O = H a O + 21. 
Hydriodic acid is seldom used. The iodides are in extensive 
use : those of Potassium, Ammonium, Arsenic, Sulphur, and 
Lead are pharmacopoeial, — and potassium iodide is largely used 
in photography. 

224. Hydriodic acid is formed from iodides by transposition, 
with dilute sulphuric acid, and with excess of hydrochloric 
acid, and hydrobromic acid. 

2KI + H a S0 4 = K a S0 4 + 2HI 

Sulphuric acid not diluted, acting as an oxidizing agent, sepa- 
rates some free iodine, as follows : 

* The student may experiment in preparation of the iodine compounds made as 
«• colorless tinctures," and in decoloring the blue iodized starch, using any form of 
free iodine at hand, with alkalies and reducing agents as mentioned in the text. 
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2KI + H,S0 4 = K,SO f + H a O + 21 

Iodides of silver, lead, mercury, and tin, are transposed with 
difficulty by sulphuric acid ; more easily by hydrochloric acid, 

225. In testing for iodides, the test of liberated iodine, by 
carbon disulphide (a), or starch paste (b), is both distinctive 
and delicate. Chlorine water liberates the iodine instantly, 
and, when sparingly added, serves the best. Sulphuric acid 
liberates HI, and, by action of the air, the free iodine is gradu- 
ally obtained. 

a. Add to a little of the material, solid or dissolved, but not 
alkaline to test-paper, in a test-tube, about a cubic centimeter 
(Jf. drachm) of carbon disulphide (or chloroform). Then add 
a little good chlorine water, shake, and leave the solvent time 
to settle, when the under layer will show the bright violet color 
of the iodine, if iodides were present. 

5. To the material, solid or dissolved, add fresh starch paste 
(made by boiling a little bit of starch with water), and, when 
cool, add a little chlorine water. Iodine, in evidence of iodides, 
is shown by a deep blue to violet-blue color, the iodized starch, 
an intimate mixture by adhesion, not a chemical compound. 

Excess of free chlorine, more readily at the instant of its 
liberation, oxidizes 'free iodine to iodic acid, preventing tests a 
and by and used to avoid interference of iodine with the test for 
bromine, as given in 218. 

226. If iodates are present with iodides, any addition of 
dilute sulphuric acid, or even of weak acids, causes immediate 
separation of free iodine, instead of hydriodic acid, see 232. 
indeed, oxidizing agents generally, readily liberate iodine.* 

* Try oxidizing agents with potassium iodide, in acidulate solution, for separation 
of iodine, recognized by its color alone. When more iodine is liberated than the solu- 
tion of iodide can dissolve, as in concentrated solution with excess of the oxidizing 
agent, a precipitate of iodine may be obtained. Any of the following may be used : 
nitro-hydrochloric acid, nitric acid with heat, manganese dioxide (100) with an acid, 
chromates with an acid, permanganate with an acid, iodate with an acid, nitrite with 
an acid. 
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227. Solutions of iodides give precipitates as follows : 

.With Lead salts, Pbl t , yellow, very slightly soluble in 

water. 
u Silver " Agl, yellowish-white, but very slightly 

dissolved by NH 4 OH (separa- 
tion from chloride). 

" Mercurous " Hg a I a , green to yellow, liable to immedi- 
ate change to Hg, dark gray, 
and Hgl,, yellow-red, dissolv- 
ing in excess of precipitant. 

u Mercuric a Hgl t , yellow to red, soluble in excess of 

2Q, as potassio mercuric iodide, 
(KI),HgI,. 

228. Copper salts with reducing agents, as cupric sulphate 
with either ferrous sulphate or sulphurous acid, precipitate 
cuprous iodide, Cu 9 I a brownish-white : 

4KI + 2CuS0 4 + H a SO, + H t O = 

Cu,I t + 2K„S0 4 + H s S0 4 +2HI 

* 

A separation from bromine, not quite complete (218). Palla- 
dium chloride separates iodides from bromides and chlorides, 
as stated more fully in 195. 

# 229. Iodides of alkali metals, and of lead and silver, melt 

without decomposing. Mercury iodides sublime with little 
decomposition. 

Iodic Acid. 

230. Iodic acid, HIO„ is a solid, white, crystaliizable, not 
volatile, freely soluble in water. Neither the acid nor its salts 
have been applied to the uses of life, lodates occur in course 

\ of manufacture of iodides, and are sometimes present as im- 

purities in the iodides of commerce. 

231. lodates, in solution, are precipitated by barium .salts, 
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silver salts, and lead salts. Only the alkali metal iodates arc 
freely soluble in water, — a marked distinction from chlorates 
and bromates, as noted in the comparison at 197. Potassium 
iodate is insoluble in alcohol (a separation from iodide). 

232. Reducing agents separate iodine from iodic acid, and 
then, if applied in excess, mostly bring the iodine into combina- 
tion again, as iodide or hydriodic acid. Thus : 

HIO, -j- 3H 9 S = HI + 3H t O + 3S, and at once : 
HIO f + 5HI = 61 + 3H t O. Again: 

21 + -B.fi = 2HI + S. 

Sulphurous acid with starch, added short of saturation, makes a 
delicate test for iodic .acid. The presence of iodate in an ar- 
ticle of potassium iodide is quickly shown by the separation of 
iodine on adding a dilute acid not an oxidizing agent, as tar- 
taric acid or oxalic acid. The iodic Acid test for morphia 
depends on the reducing power of the ^Ikaloid. 

233. NITBOGEN, when free, docs not enter into combina- 
tion with other free elements, at any temperature, unless these 

' are in the nascent state. But the compounds of nitrogen are 
generally changed, the one to another, with comparative ease ; 
thus, ammonia, N'"H,, is pretty easily oxidized to nitric acid, 
HN v O $ , and nitric acid is readily reduced to nitrous acid, 
mr"O t , and to ammonia, again (40). The decomposition of 
the organic compounds of nitrogen gives rise to ammonia, to 
cyanogen, and to acids of nitrogen ; seldom to free nitrogen. 

234. The compounds of nitrogen given for study in thia 
work arc these: 

Ammonia, N'"H $ , forming ammonium salts (37). 
Nitric acid, HIT'O,, " nitrates (235). 
Nitrous " mT"0 9 , u nitrites (242). 
Cyanogen, (CTN")' u several acids (247). 
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Nitric Acid. 

235. Absolute nitric acid, HNO,, is liquid, of specific gravity 
1.58 (at 15° C), very difficult to preserve without some decom- 
position, and scarcely an article of commerce. U. S. P. " Nitric 
Acid," sp. gr. 1.42, 70 per cent, of HNO $ , is a stable liquid, 
distilling with little alteration of strength. The reagent, Fre- 
senius' standard, sp. gr. 1.2, has about 35 per cent, of HNC\. 
" Aqua fortis " is a synonym still applied to certain grades of 
the acid in commerce. 

The nitrates used as sources of the acid, and the nitrates in 
explosive agents, and fertilizers, are potassium nitrate, " nitre '* 
or " saltpetre," and sodium nitrate, " Peruvian nitre " or tt Chili 
saltpetre." 

236. Nitric acid is obtained from either of the nitrates just 
mentioned by transposition with sulphuric acid, not diluted : 

KNO, + H a S0 4 = KHS0 4 + HNO, 

In a hot mixture, the nitric acid rises as a gas, very slowly and 
without effervescence, colorless, or, from some decomposition, 
slightly reddish, turning litmus red, and giving an acrid charac- 
teristic odor. 

237. Nitric acid is identified by color products of its de- 
composition, no precipitates being made by it. The acid de- 
composes readily, in accordance with the feeble chemical force 
of nitrogen, mentioned in 233, the action of a reducing agent 
being all that is needed. The action of nitrates in explosions 
is due to their decomposition by reducing agents. In Gun- 
powder, the potassium nitrate is acted on by charcoal and sul- 
phur. Any combustible substance is, of course, a reducing 
agent. Drop potassium nitrate upon burning charcoal, and the 

<s \ combustion, the oxidation, of the carbon is quickened to ex- 

""*" plosive rapidity. A grain of nitre holds about a cubic inch and 

a third of oxygen, as much as six cubic inches of the air. 

Dangerous explosion may occur from heating, pounding, or 
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triturating nitrates with any easily oxidizable substances, as 
sulphur, charcoal, cyanides, hypophosphites, sugar, tannin, and 
most organic compounds. With small quantities, not confined, 
the action is mere detonation or deflagration. (Compare, 
Chlorates, 208.) 

The reducing agents most used in testing for nitric acid are 
ferrous sulphate for " the brown ring test " (238, a), and the 
same reagent or metallic copper 9 for the brown vapor test 
(238, b). 

238, a. Take sulphuric acid to a quarter of an inch in depth 
in the test-tube ; add without shaking a nearly equal volume of 
ferrous sulphate solution, and cool the liquid ; then add slowly 
of the solution to be tested for nitric acid, slightly tapping the 
test-tube on the side, but not shaking. The " brown ring" a 
layer of brown to black, or reddish, liquid, between the sul- 
phuric acid below and the solution above, gives evidence of 
nitric acid (or of nitrous acid). 

2KNO t + 4H„S0 4 + 10FeSO 4 = 

K t S0 4 + 3Fe,(S0 4 ), + 4H t O + 2(FeS0 4 ) t NO 

This equation may be studied in the following steps : 

(1) Transposition: 2KNO, + H„S0 4 = K,S0 4 + 2HNO, 

(2) Two molecules of nitric acid furnish three atoms of oxy- 

gen (half the whole), leaving nitric oxide and water : 
2HNO, = H a O + 2NO + 30 

(3) 30 + 6FeS0 4 + 3H a S0 4 = 3Fe,(S0 4 ), +3H a O 

(4) 2NO + 4FeS0 4 = 2(FeS0 4 ) a NO (an instable compound). 

ft. To a solution to be tested for nitrate add a bit of copper, 
in wire or turnings (or solid ferrous sulphate), and sulphuric 
acid, and heat. Reddish-brown vapors indicate a nitrate. 

2KNO, + 4H 9 S0 4 + 3Cu = K,S0 4 + 3CuS0 4 +4H,0 + 2NO 

The brown vapors are due to the formation of nitric oxide gas, 
NO, by action of the chemicals, colorless, and the oxidation of 
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this colorless compound, by action of the air, to higher oxides 
of nitrogen, N a O $ and N t 4 , colored. 

239. Magnesium (wire or ribbon), in solution acidulated 
with phosphoric acid, reduces nitric acid to ammonia (233), 
which may be tested for with potassio mercuric iodide (156) 
and potassium hydrate. 

240. Phenol, or the best Carbolic Acid, C e H e O, gives a deep 
red-brown color with nitric acid, or a nitrate and sulphuric 
acid, by formation of a nitrophenol (picric acid), C e H,(N0 9 ),0. 

241. All the normal nitrates are soluble in water, so that 
nitric acid is not liable to precipitation. 

Nitrous Acid. 

242. This acid, HNO a , is hardly known as a free acid, in 
pure state or in solution, owing to its extreme instability. Po- 
tassium nitrite is in commerce for chemical uses. Nitrites are 
not seldom present, as impurities, in a small proportion, in the 
nitrates of potassium, and silver, of commerce. If a nitrate in 
preparation is too strongly heated, seme nitrite is formed. 

243. Nitrites, in solid or solution, treated with acids, dilute 
sulphuric or even dilute acetic acid, evolve brown nitrous va- 
pors abundantly. With acetic acid, this is a test for nitrites, 
and a distinction from nitrates. In this change, the elements of 
nitrous acid so divide as to produce nitric acid and nitric oxide : 

3HNO, = HNO, + 2NO + H a O 
6KNO, + 3H,S0 4 = 3K,S0 4 + 2HNO, + 4NO + 2H.O 

244. In the " brown ring " test (238, a) nitrites give the 
same appearance as nitrates. If acetic acid be substituted for 
sulphuric acid in this test, the "brown ring" is nevertheless 
obtained with nitrites (a distinction from nitrates). 
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245. Nitrites, acidulated with acetic acid, or very dilute 
sulphuric acid, instantly liberate iodine from iodide of potas- 
sium, a delicate test, distinguishing nitrites from nitrates. 

The reactions given in 244 and 245 are among many instances 
of the oxidizing power of nitrites, but in other instances they 
manifest reducing power, being oxidized to nitrates. As an 
example of deoxidation, permanganate of potassium solution is 
decolored by acidulated nitrite solution. 

246/ The nitrites are all soluble in water, — silver nitrite 
somewhat sparingly soluble. 

247. CYANOGKEM", (C 1 ^'")' or Cy', is a poisonous gas, 
soluble in water, and a constituent of some important acids, 
of which the following will be given here : 

Hydrocyanic acid, TLCFW" or HCy, forming cyanides. 
Hydroferrocyanic " H 4 Fe"Cy 6 , " ferrocyanides. 

Hydroferricyanic " H $ Fe'"Cy e , " fcrricyanides. 

Suiphocyanic " HCyS, u sulphocyanates. 

Hydrocyanic Acid. 

248. Hydrocyanic Acid, " Prussic Acid," HCy, when abso- 
lute, is a colorless liquid, boiling at 27° C. (81° F.), and soluble 
in water in all proportions. U. S. P. " Hydrocyanic Acid " is 
a water solution, 2 per cent, being acid.* Oil of Bitter Al- 
monds frequently contains hydrocyanic acid, which is formed 
along with it, from amygdalin, a constituent of most plants of 
the almond family. Cyanide of potassium is used in various 
arts, especially in photography, it gives off some hydrocyanic 
acid, and by standing acquires potassium hydrate and carbonate. 
Silver cyanide is pharmacopceial for the preparation of hydro- 
cyanic acid by a ready method. 



* The vapor, if not greatly dilated with air, is a quick poison, by inhalation. 
Antidotes, inhalation of ammonia ; of chlorine, caution sly. / 
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249. Hydrocyanic acid is formed from cyanides by transpo- 
sition with even feeble acids and when very dilute. It is formed 
from potassium ferrocyanide by action of hot sulphuric acid 
(one method of preparation, U. S. P.) 

The gas, HCy, rises readily — with effervescence if formed 
in concentrated solutions — having a characteristic odor (to be 
tested with caution when abundant), and, with silver nitrate 
solution wetting a glass-rod, giving a white precipitate, AgCy, 
having nearly the same solubilities as chloride of silver. 

250. A delicate and distinguishing test is the formation of 
sulphocyanate, as follows : Warm the material, iu an evaporat- 
ing dish, with a few drops of ammonium sulphide, till the mix- 
ture is free from the sulphide. (Filter if there is any residue 
or precipitate.) Slightly acidulate the solution, with hydro- 
chloric acid (which should not liberate H a S), and add a drop of 
solution of ferric chloride. A blood-red solution, decolored by 
solution of mercuric chloride, gives evidence of hydrocyanic 
acid or its salts (257). 

251. Cyanides of alkali metals, alkaline earth metals, and 
mercuric cyanide, are soluble in water, most others insoluble. 
Many of the precipitated cyanides dissolve in solutions of alkali 
cyanides, soluble* double cyanides being formed. Thus, a 
precipitate of cupric cyanide, CuCy t , formed by adding potas- 
sium cyanide, by a further addition of this solution dissolves, 
as potassio copper cyanide, (KCy) a CuCy a . This double cya- 
nide, like others of its class, treated with dilute sulphuric acid, 
decomposes into K 3 S0 4 , CuS0 4 , and 4HCy. 

Another class of double cyanides act differently with dilute 
sulphuric acid and other acids : If a ferrous salt be precipitated 
by potassium cyanide, and then the precipitate, FeCy t , dis- 
solved by adding more of the reagent, a double salt is formed 
in solution, (KCy) 4 FeCy„ potassium ferrous cyanide. Adding 
dilute sulphuric acid to this, K t S0 4 and (HCy) 4 FeCy a are 



Hydroferrocyanic Acid. 127 

formed. The compound last given is found to act as a tetra- 
basic acid, H^FeCyJ™, forming stable salts with bases gene- 
rally, and is termed hydroferrocyanic acid. The potassium salt 
of this acid, placed above as a double cyanide, is potassium fer- 
rocyanide,K 4 FeCy e ,a simple salt of the acid radical, (FeCyJ™. 
Cobalt, manganese, and chromium, like iron, enter into acid 
radicals with cyanogen, forming cobalticyanides, manganicy- 
anides, etc. This class of double cyanides are transposed by 
dilute alkalies. We have, then, 

(1) Double cyanides from which dilute acids remove both 
the metals, forming hydrocyanic acid. Not decomposed by 
alkalies. Example: (KCy) a CuCy,. 

(2) Double cyanides from which dilute acids remove one of 
the metab, forming an acid holding the other metal in its 
radical. Transposed by dilute alkalies.* Example : (KCy) 4 - 
FeCy a , or K 4 FeCy e . 

252. A test for hydrocyanic acid, by formation offtrro* 
cyanide, is as follows : To the material, add potassium hydrate 
and ferrous sulphate, and warm a short time, then acidulate, 
and add ferric chloride, when the formation of prussian blue 
shows that cyanide was present. 

Hydroferrocyanic Acid. 

253. The free acid, H 4 FeCy 6 , is not used. Its commercial 
salts are Mrrocyanide of Potassium, " Yellow Prussiate of 
Potash," and Ferric Ferrocyanide, " Prussian Blue.'' 

254. The Ferroeyanides of metals of the alkalies and al- 
kaline earths are soluble in water (that of barium sparingly) ; 
of other metals insoluble in water. The following are some of 
the ferroeyanides precipitated by adding potassium ferro- 
cyanide : 

* Fe 4 (FeOy e )9 + 12KOH = 2F*,(OH) a + S^FeCye 
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Ferr ocyanides : Ferricyaxid es. 



With Bismuth 


salts, 


Copper 


tt 


Ferrous 


a 


Ferric 


tt 


Lead 


« 


Manganese 


u 


Silver 


a 


Zinc 


a 



Bi 4 (FeCy 6 )„ 

Ct^FeCy,, 

K.FeFeCy,, 

Fe 4 (FeCy,)„ 

Pb a FeCy„ 

Mn a FeCy 6 , 

Ag 4 FeCy 6 , 



white. 

red-brown. 

whitish-blue. 

" Prussian Blue." 

white. 

white, sol. by HCL 

white, turning bluish* 

white, gelatinous. 



Zn a FeCy 6 , 

The precipitates are transposed by alkaline hydrates, are not 
formed in alkaline solutions, but are unchanged by dilute 
acids. 



Hydroferricyanic Acid. 

255. The ferricyanide in use is the potassium salt, K 8 FeCy^ 
" Red Prussiate of Potash." It is made by the oxidizing action 
of chlorine, or other like agent, upon ferrocyanide : 

K 4 FeCy 6 + CI = K s FeCy e + KC1 
Reducing agents reverse this change. 

250. The Ferricyanides are mostly insoluble, or spar- 
ingly soluble, in water, except those of the alkali and alkaline 
earth metals. The following are some of the precipitates 
obtained : 

With Bismuth 
Copper 
Ferrous 

Ferric 
Lead 

Manganese 

Silver 

Zinc 



salts, 



« 
a 

it 



BiFeCy,, 

Cu 8 (FeCy 6 ) a 

Fe 8 (FeCy 6 ) a , 

no precipitate, 

no precipitate, 

Mn 8 (FeCy 6 ) a , 

Ag 8 FeCy 6 , 

Zn 8 (FeCy 6 ) a , 



light brown. 

yellow-green. 

" TurnbulPs Blue." 

greenish solution. 

except in cone. sol. 

brown. 

red-brown. 

orange. 



The precipitates are transposed by alkalies, but are formed in 
neutral or acidulated solutions. 



. 



SULPHOCYANATES : C ARSON. 129 

Sulphooyanio Aoid. 

257. This acid, HCyS, is considered a sulphur acid, corre- 
sponding to the oxacid, HCyO, cyanic acid. It is, however, 
sometimes stated as a hydracid (hydrosulphocyanic), and its 
salts termed sulphocyanides. The salt used is Potassium Sul- 
phocyanate, KCyS. The sulphocyanates of the alkali metals, 
alkaline earth metals, and those of iron, manganese, zinc, and 
cobalt, are soluble in water. The following are some charac- 
teristic sulphocyanates, as formed by solutions : 

With Cobalt salts, very concentrated,a blue color, Co(CyS) a . 
Copper " concentrated, a black precip., Cu(CyS),, 

quickly becoming Cu^CyS),, white. 
Ferrous " no precipitate or color. 
Ferric (t blood-red solution, Fe a (CyS) 6 , decolored 

by HgCl, (distinction from acetic 

acid). 
Lead * Pb(CyS),, yellowish, cryst., slow pre. 

Mercurous " Hg a (CyS),, white, used in " Pharaoh's 

serpents," swells when ignited, giving 

poisonous gases. 
Silver " AgCyS, white. 

Alkalies decompose, but dilute acids do not change, sulphocya- 
nates. 

258. CARBON is an infusible, non-volatile solid, existing 
free in the varieties of Coal and in the Diamond/and in com. 
bination with other elements in all the Organic substances. Jt 
is left free, as charcoal, on the partial combustion of any organic 
compound. It oxidizes rapidly at the temperature of ignition, 
in ordinary combustion, but at atmospheric temperatures it is 
little affected by oxidizing agents, or by solvents. 

259. The Acids containing Carbon, given for study in 
this work, are the following: 
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Carbonic Acid, HjC^O,,* forming carbonates. 

C IV O a , carbonic anhydride, carbon dioxide, 
or carbonic acid gas. 
Oxalic " H t C a VI 4 ,f forming oxalates. 
The Cyanogen Acids, named in 247. 
Acetic Acid, H(C,H,O t )', forming acetates. 

Carbonic Acid. 

260. Carbonic acid, H a CO„ is not known as such, but is 
represented by, its salts, the carbonates. The anhydride, CO , 
styled carbonic acid in common language, is exhaled in the 
breath, formed in common combustion, and constitutes a small 
proportion of the atmosphere, indispensable to plants. The 
Carbonates of various bases are extensively in use. Normal 
Sodium Carbonate, crystallized, Na a CO s 10H a O, is known as 
"soda" and "sal soda." Sodium Acid Carbonate, KaHCO,, 
the " Bicarbonate of Sodium " U. S. P., is sold as (i soda," or 
" saleratus," tor bread-making. The u soda water," dispensed 
with syrups as a summer drink, is water saturated under .pre- 
sure with carbon dioxide, usually obtained by action of dilute 
sulphuric acid upon marble dust. Aluminium, chromium and 
ferricum, antimony and tin, do not form carbonates; some 
other metals form only basic carbonates. 

261. In analysis, carbonates are distinguished by the sudden 
effervescence — the escape of CO a — on adding almost any acid. 
For this test, sulphuric acid should be diluted. Effervescence 
by adding acetic acid distinguishes carbonates from oxalates. 
The escaping gas is nearly odorless, quite colorless, and passed 
into solution of calcium hydrate, renders it turbid by precipita- 



* Graphical formula : C = 



H-0-0 = 

t Graphical formula : I (Compare 19, Pe.) 

~>— C = O 
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tion of CaC0 3 , calcium carbonate (the same substance as 
marble, limestone, "whiting," chalk). Breathing into the 
same reagent gives the same precipitate. Also, the gas, in 
barium hydrate solution, precipitates barium carbonate, and in 
basic lead acetate solution, or ammoniacal lead acetate solution, 
precipitates lead carbonate. But carbonic acid gas does not 
precipitate solutions of calcium salts, lead normal salts, or nor- 
mal salts of any bases, owing to the easy decomposition of 
carbonates by nearly all acids.* Solutions of acid carbonates 
give up their excess of CO, on boiling. 



262. The only carbonates soluble in water are those of the 
alkali bases, and solutions of these carbonates cause precipita- 
tion in solutions of all non-alkali bases.f The following are 
the precipitates, by carbonates, with ordinary bases : 

With Barium salts, barium normal carbonate, BaCO,. 

CaCO,. 
Mg 4 (0O 8 ) s (OH) a . 
Zn 6 (CO,) a (OH) fl . 
Al 9 (OH) 6 . 
Fe 9 (OH), 
FeCO s . 
MnCO s . 
Cr,(OH) 6 . 



Calcium 


« 


Magnesium 


« 


Zinc 


M 


Aluminium 


a 


Ferric 


tc 


Ferrous 


a 


Manganous 


« 


Chromio 


a 


Copper 


it 


Bismuth 


« 


Lead 


«« 


Silver 


H 



u 



calcium " 

magn. basic 

zinc " 

aluminium hydrate, 

ferric a 

ferrous carbonate, 

manganous carbonate, 

chromic hydrate, 

copper las'c salts. 

bismuth basic carbonate,Bi 3 OfiO s . 

lead « « Pb,(C0 8 ),(OH) 9 . 

silver carbonate, Ag 3 C0 8 . 



* That is to say, the change represented by this equation cannot occur : 
CaCL, + CO., + HaO = CaCOj + 2HC1 
lge being complete, to take up all free hydrochloric acid. 
^TvST CaCO s + 2HC1 - CaCl, -f H,0 + CO* 

t SefVNote under 205. 
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263. On ignition^ the normal carbonates of potassium and 
sodium are not decomposed ; the carbonates of barium, stron- 
tium, and calcium are slowly decomposed, leaving oxides (so 
that the remaining mass changes moistened red litmus-paper 
blue) ; the carbonates of other non-alkaline metals are readily 
decomposed, leaving oxides. 

Oxalic Acid. 

264. Oxalic acid is in commerce in white crystals, H a C a 4 .- 
2H a O, resembling magnesium sulphate, scarcely at all volatile 
without decomposition. 

265. The acid can be formed by treating oxalates with dilute 
sulphuric acid, or with hydrochloric acid (equation in 267), but 
concentrated sulphuric acid with a little heat breaks it up, 
causing effervescence of carbon dioxide and monoxide: 

H a C a O r = H a O + CO a + CO 

Acetic acid causes no effervescence (difference from carbonates). 

266. The oxalates of the bases of the alkalies are soluble 
in water ; those of most other metals are insoluble, or sparingly 
soluble. That is to say (note under 205) solutions of non- 
alkali bases are precipitated by oxalates. Magnesium oxa- 
late is sparingly soluble, so that it is separated from the calcium 
oxalate precipitate by much water washing. Chromic oxalate 
dissolves freely in water. Ferric oxalate is somewhat soluble 
ill water, and easily soluble in free oxalic acid. Calcium 
oxalate (the '• oxalate of lime") is quite perfectly precipitated 
(see 53, note). 

267. Tlie oxalates are transposed by hydrochloric acid 
(separation from sulphates) ; not by acetic acid (separation 
from most of the phosphates). 

Ca0 a O 4 + 2HC1 = CaCl a + H a C a 4 
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268. Oxalic acid is a reducing agent, being Oxidized to car- 
bonic anhydride and Mater : 

H a C a °4 + O = H a O + 2CO a 

In this way it precipitates gold (191), and decolors acidulated 
solution of permanganate : 

2KMn0 4 + 5H a C a 4 + 6HC1 = 

2MnCl a + 8H a O + 10CO a + 2KC1 

'269. By ignition in the air, calcium oxalate is changed first 
to carbonate (effervescing with acetic acid), then, slowly, to 
oxide (turning litmus-paper blue). Silver oxalate decomposes 
suddenly, with a slight detonation. 

Acetic Acid. 

270. Absolute acetic acid, HC a H 8 O a , sold as " Glacial Ace- 
tic Acid," is solid below 16° C. ; vaporous liquid above this 
temperature. " Acetic Acid," U. S. P., the same strength as 
the reagent, has a specific gravity of 1.04, being about 30 per 
cent, of absolute acid. Vinegar has three to five per cent, of 
acetic acid, to which its sensible properties are chiefly due. 
The acetates of potassium, zinc, and lead are pharmacopoeial. 

271. The stronger mineral acids (as H a S0 4 ) transpose ace- 
tates, forming acetic acid, which, in concentrated or hot solution, 
rises rapidly, giving the pungent odor of hot vinegar, and red- 
dening litmus : 

2NaC a H 8 O a + H a S0 4 = Na a S0 4 + 2HC a H 8 O a 

On warming an acetate with sulphuric acid and alcohol, 
ethyl acetate or " acetic ether," C a H B C a H 8 O a , is formed, recog- 
nized by its penetrating, agreeable odor. 

272. The acetates are all soluble in water; mercurous and 
argentic acetates, sparingly soluble. Ferric salts, with acetates, 
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give a red solution of ferric acetate, not decolored by mercuric 
chloride (distinction from sulphocyanate), precipitated on long 
boiling, as basic ferric acetate, red-brown. 

273. SULPHUR is a well-known solid, light-yellow, brittle, 
melting at 111° C. (232° F.), vaporizing at 445° C. (836° F.), 
burning in the air to sulphurous anhydride when ignited, insol- 
uble in water, soluble in carbon disulphide, dissolved by chemi- 
cal union in hot solutions of alkaline hydrates, slowly oxidized 
by hot nitric acid to sulphuric acid. It is sold as Roll Sulphur 
or " Brimstone "; " Sublimed Sulphur," U. S. P., or " Flowers of 
Sulphur," and "Precipitated Sulphur," U. S. P. « Milk of 
Sulphur " (sulphur lotum) is a name sometimes applied to Pre- 
cipitated Sulphur, more often when the article contains calcium 
sulphate in large proportion, owing to precipitation by sulphuric 
instead of hydrochloric acid. Precipitated Sulphur acquires an 
acid reaction in the air, by action of ozone, forming sulphuric 
acid. 

274. The Acids of Sulphur here described for qualitative 
work are the following : 

Hydrosulphuric acid, H a S", forming sulphides. 

Sulphuric « H,S VI 4 , « sulphates. 

Sulphurous " H^O,, " sulphites. 

Thiosulphuric or ) tt „ g „ ~ u j thiosulphates or 

Hyposulphurous ) a * *' ( hyposulphites. 

Hydrosulphuric Acid. 

275. Hydrosulphuric acid, H a S, is a gas sparingly soluble 
in water, both the gas and the solution being in chemical use. 
It is prepared by acting on ferrous sulphide (one part) with 
dilute sulphuric acid (one and a half parts concentrated acid 
diluted to eight or ten parts) — (to saturate fifty parts of water 
with the gas). In open vessels Ihe solution constantly loses 
gas ; faster when boiled. 
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Ferrous Sulphide can be prepared by heating the middle 
of a bar of old iron to white heat, placing the bar over a tub of 
water, in a door-way or passage where the air-current is out- 
ward, and holding roll sulphur, by a pair of tongs, with the end 
of the roll upon the iron, as long as this is white hot. The iron 
sulphide granulates in the water. If the iron is only red hot, 
melted sulphur escapes combination and runs to waste. 

The alkali and alkaline earth bases form super-sulphides. 
(t Liver of sulphur " is K a S 6 , with lower sulphides. See, under 
Reagents, Ammonium Sulphide. 

276. Most of the sulphides, those beside As, Sb, Sn, Hg, 
Ag (and Pb), are easily transposed by dilute sulphuric acid, 
the gas H a S escaping with effervescence unless the solution is 
very dilute. 

PeS + H a S0 4 = PeS0 4 + H a S 

Hydrochloric acid, dilute, transposes sulphides of third group 
metals (except those of nickel and cobalt), not those rf the 
second group (63). 

The gas hydrosulphuric acid is recognized by its odor, and 
by blackening lead paper — white paper wet with lead acetate 
solution. 

277. Nitric acid, unless very dilute, decomposes sulphides, 
at first with separation of sulphur (a), and, by continued 
action, dissolving the sulphur, which is oxidized to sulphuric 
acid (b) : 

a. 3CuS + 8HN0 8 = 3Cu(NO t ) a + 3S + 4H.O +2 NO 

b. 3CuS + SmrO, = 30uSO 4 + 4^0 + 8NO * 

Mercuric sulphide is not changed by nitric acid — the separa- 
tion of mercury in the systematic work of the second group. 

I 

278. The sulphides of the metals of the first three groups 

are insoluble in water (Al and Cr not forming sulphides), and 
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solutions of sulphides precipitate the metals of the first three 
groups, as follows : 

With Zinc salts, zinc sulpiride, white, sol. in dil. acid. 

Ferrous * ferrous sulphide, black, " " 

Ferric " " " " (with free S). 

Aluminium " alum, hydrate, (Equation, 77, note.) 

Chromium " chromium hydrate. 

Manganese " manganous sul, flesh-color. 

Copper " cupric sulphide, black, insol. in. dil. ac. 

Bismuth " bismuthous sul. 9 black, " " 

Lead t€ lead sulpiride, " " " 

Silver w silver sulphide, , u a " 

Mercury " mercuric sulphide, (156) insol. in HN0 8 . 

Arsenic " arsenious sul., yel., sol. in (NH 4 ) 8 S. 

Antimonious" antimonious sul., orange " 

Antimonic " antimonic sul, " " 

Stannous " stannous sulphide, brown, a " 

Stannic " stannic sulphide, yellow, " " 

279. Nitro-ferricyanides, with soluble sulphides, or with 
hydrosulphuric acid after addition of an alkali hydrate, ammo- 
nium hydrate best, give an intense, rich purple color, slowly 
fading away. The test is best made on a white porcelain sur- 
face, using a few drops of each solution. Sodium nitroferricya- 
nide, Na a FeNOCy 6 , is the reagent used. 

280. Hydrosulphuric acid is a strong reducing agent. For 
reduction of ferric salts, see 99 c; the same by sulphides, 94 ; 
decoloring permanganate, 100 ; action on iodine, 221 ; on iodic 
acid, 232. 

Sulphuric Acid. 

281. The Sulphuric Acid of the pharmacopoeia (sp. gr. 
1.873), and that sold as chemically pure, are nearly absolute 
H a S0 4 , free from water. The old name « Oil of Vitriol " is 
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applied to any grade of the acid, but more often to impure 
acid, mixed with ten or fifteen per cent, of water. Sulphuric 
acid has a strong adhesive attraction for water, which it with- 
draws from the air, so as to dry the atmosphere in a desiccator, 
and the addition of water to the acid causes condensation of 
volume and elevation of temperature (see 22, Dilute Sulphuric 
Acid). Sulphuric acid chars organic bodies by taking from 
them the elements of water, leaving carbon. 

All the common metals form normal sulphates, and potas- 
sium and sodium form acid sulphates, but the sulphates of bis* 
muth, antimony, tin, and mercury are not very stable salts. 

282. Sulphuric acid transposes the salts of nearly all other 
acids, except with chlorides and some other salts of mercury, 
silver, tin, and antimony. But at or near a red heat sulphates 
are decomposed by phosphoric acid ; also by silicic acid. 

283. Sulphuric acid, diluted, dissolves zinc and iron with 
effervescence of hydrogen (a). Concentrated sulphuric acid, 
heated, dissolves copper, mercury, silver, bismuth, and tin, with 
generation of sulphurous anhydride (b). 

a. Fe + H a S0 4 = FeS0 4 + 2H 

b. Cu + 2H S0 4 = CuS0 4 + 2H a O + S0 3 

284. Sulphates, and sulphuric acid, precipitate salts of 
lead, barium, strontium, and, if not very dilute, calcium. 
The four precipitates are normal sulphates, and hydrochloric 
and nitric acids do not dissolve them, or do so but slightly and 
without transposition. Silver sulphate is only sparingly soluble 
in water, but most of the sulphates, besides the four above named, 
are freely soluble. 

The test, and separation, of sulphuric acid are made, in most 
cases, by adding barium chloride, or barium nitrate, and treat- 
ing the resulting precipitate with hydrochloric acid (or nitric 
acid) : if the precipitate remains, it is evidence of sulphuric 
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acid (unless hydrofluosilicic acid, or selenic acid, may be 
present). 

285. Sulphates, fused on charcoal with sodium carbonate, 
give sodium sulphate (dissolved from the mass by water) and 
the other metal as carbonate, or oxide, or in metallic state (dis- 
solved by dilute nitric acid). But some sulphide is formed 
(see, for Lead Sulphate, 145). Jf now, after long fusion on the 
charcoal, the mass is moistened and laid upon a silver coin, the 
presence of sulphide (reduced from sulphate) is shown by a 
black stain on the silver (Ag,S). But it must first be made 
sure, by a blank test, that the charcoal and soda are free from 
sulphur. Ignition with sodium carbonate on porcelain does not 
reduce sulphates, and no silver stain is obtained (a distinction 
from sulphides). 

Sulphurous Acid. 

286. Sulphurous anhydride, SO,, is a colorless gas with 
the strong stifling odor of burning sulphur. It bleaches litmus 
and other vegetable colors, and is a notable antiferment. it is 
dissolved by water, to the extent of about 14 per cent, of the 
cold solution, from which the gas constantly escapes unless it is 
kept in air-tight vessels. The solution probably contains sul- 
phurous acid, H 9 SO„ (H a O+SO a ). When sulphur is burned 
in the air (as in fumigating infected articles) it oxidizes wholly 
to sulphurous anhydride, SO a ; when it is treated with nitric 
acid or other oxidizing agent, it changes only to sulphuric acid, 
H a S0 4 . 

287. Solution of Sulphurous Acid is prepared, U. S. P., by 
heating sulphuric acid with charcoal in a flask and conducting 
the gas, through a wash-bottle, into water : 2H,S0 4 -j- C = 
2H a O -f 2SO, + CO a . (Compare 283, b.) The carbon dioxide 
escapes, while the sulphur dioxide is dissolved. The solution 
first reddens litmus and then, if it be good, bleaches it. On 
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standing it soon suffers oxidation into sulphuric acid, no longer 
bleaches litmus, and is odorless, and valueless as an antiseptic. 
So much of its precipitate with barium salt as refuses to dissolve 
with hydrochloric acid represents sulphuric acid (289). 

288. On adding almost any acid to a sulphite, the latter is 
decomposed, and sulphurous anhydride gas, SO s , arises rapidly, 
recognized by its odor, that of burning sulphur, as in ignition 
of ordinary matches, also by the bleaching of litmus-paper. 

Ka a SO f + 2HO s H,0, = 2NaC s H,O f + H t O + SO, 

289. Sulphites precipitate the salts of non-alkaline metals, 
only the alkali metal sulphites being readily soluble in water. 
The precipitates are soluble in dilute acetic, hydrochloric, and 
nitric acids. Free chlorine, bromine, strong nitric acid, and 
other oxidizing agents promptly change sulphites to sulphates. 

Sulphites are identified, and separated from sulphates, as 
follows : to the solution barium chloride is added, and if a pre. 
cipitate occurs hydrochloric acid is added. If a precipitate 
remains, it is filtered out (separation of sulphate, 284), and the 
filtrate is treated with chlorine (gas or solution). If a precipi- 
tate now appears it is sulphate formed from sulphite (290), and 
is evidence of the latter. 

Ferric chloride, with sulphites, gives a red solution of ferric 
sulphite, or, in concentrated solutions, a yellowish precipitate 
of basic ferric sulphite, disappearing, decolored, on adding an 
acid. 

290. Sulphites are active reducing agents, by virtue of their 
capacity for oxidation to sulphates : 

H.SO, + O = H.SO, 

Na,SO t + 2C1 + H a O == Wa a S0 4 + 2HC1 

By sulphurous acid, or its salts, ferric salts are reduced to ferrous 
(99 d), arsenic acid to arsenious acid, mercuric chloride (on 
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boiling) to mercurous chloride, iodine is separated from iodio 
acid, and "colorless solutions of iodine " (see 221) are made. 

Thiosulphuric (Hyposulphurous) Add. 

291. This acid, H a S a O a , is hardly known, except by its salts, 
the thiosulphates. Hyposulphite of Sodium is extensively used 
in photography, and is used in medicine for effects very similar 
to the sulphite, as with dilute acids both alike form sulphurous 
anhydride (the potent antiseptic), thus : 

a. Na a S a O a + 2HC1 = 2NaCl + H a O -f SO, + S 

b. Na a SO t + 2HC1 = 2NaCl + H a O + SO a 

In the change stated in a, the excess of sulphur, distinguishing 
thiosulphate from sulphite, is set free. On the other hand, free 
sulphur will dissolve in sulphites, in certain conditions, forming 
thiosulphates. 

292. The addition of an acid, then, gives fumes of sul- 
phurous anhydride, SO a , from thiosulphates as well as from 
sulphites (288), as shown in equation a, 291, but the precipita- 
tion of sulphur characterizes the thiosulphate. 

s 

293. The larger number of thiosulphates are soluble in 
water; the barium, lead, and silver thiosulphates being precipi- 
tated in solutions not too dilute, the silver precipitate soon 
blackening by reduction to sulphide. Calcium chloride does 
not precipitate thiosulphates (separation from sulphites). 

294. Thiosulphates are reducing agents, stronger, even, than 
sulphites (hence their chief use in photography). They take 
iodine into combination instantly, forming iodide and a tetra- 
thionate (a), so that sodium hyposulphite is often used to bleach 
iodine stains, is used in a fallacious "colorless solution of 
iodine," and is employed in volumetric estimation of iodine : 

a. I + Na a S a O, = Nal + KaS a O, 
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With active oxidizing agents, in the dry way, as with chlo- 
rates or nitrates, hyposulphites form dangerous explosive mix- 
tures (208). 

295. PHOSPHORUS is a solid, easily fused and vaporized, 
and having several different physical states, or allotropic modi* 
ncations. White or ordinary phosplwrus, that of the U. S. P., 
crystallizable, is luminous in the dark, and in the air soon takes 
fire without being lighted, but it does not decompose water. 
It is poisonous. Red or amorphous phosphorus can be ex- 
posed to the atmosphere without change. It is not poisonous. 
Both these varieties are used in the manufacture of matches, 
with potassium chlorate or nitrate, or other oxidizing agents. 

296. The Acids of Phosphorus, to be here given, are — 

Phosphoric Acid, 

m Orthophosphoric, H s P v 4 , forming orthophosphates. 

Pyrophosphoric, H.P v 9 O t , " pyrophosphates. 

Metaphosphoric, IiP v O„ " metaphosphates. 

Ilypophosphorous Acid, H,P'O a , '< hypophosphites. 

Phosphoric Acid. 

297. Orthophosphoric Acid, H s P0 4 , is a solid, feebly 
crystallizable, but so deliquescent as to be usually had in a 
syrupy consistence. It is not in commerce as a solid, but is 
U. S. Pharmacopoeial in a 7.4 per cent, water solution, as " Di- 
luted Phosphoric Acid" to be prepared either by oxidation 
of phosphorus with dilute nitric acid, or by hydration of Glacial 
Acid (HPOJ. Heat dehydrates orthophosphoric acid, first to 
pyrophosphoric acid, then to non- volatile metaphosphoric acid, 
but not to phosphoric anhydride. The last-named compound, 
P 9 6 , is a solid slowly volatile at white heat without chemical 
change. 

298. Metaphosphoric Acid, HPO„ is the " Glacial Phos- 
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phoric Acid 79 of the U. S. P. and of commerce. That sold, 
however, contains thirty to fifty per cent, of the sodium salt, 
NaPO,, pure metaphosphoric acid being a waxy, viscid solid. 

299. The leading phosphate in commerce isdisodium hydro- 
gen phosphate, crystallized, Ka a HP0 4 .12H 9 0, the common 
reagent solution ; " Phosphate of Sodium," U. S. P. Bone Earth 
is about 90 per cent, of normal calcium phosphate, and is the 
most common source of phosphorus compounds. The " Phos- 
phate of Iron," U.S.P., is ferrous hydrogen phosphate, FeHPO ; 
the B. P. preparation of same name being normal ferrous phos- 
phate, Fe 8 (P0 4 ) a . iC Pyrophosphate of Iron," U. S. P., is fer- 
ric pyrophosphate, Fe 4 (P a O T ) 8 , with ammonium citrate to render 
it soluble. 

Phosphoric acid, tribasic, has three kinds of salts, two sorts 
of acid salts and the normal salts, thus : 

Normal, Na 8 P0 4 , trisodium phosphate ; • 

Ca 8 (P0 4 ) a , tricalcium diphosphate. 

Two-thirds metallic, Na a HP0 4 , disodium hydrogen phosphate 

CaHP0 4 , calcium " " 

One-third metallic, NaH a P0 4 , sodium dihydrogen " 

CaJEC 4 (P0 4 ) a , calcium tetrahydrogen di- 
phosphate. 

300. The Orthophosphates, normal and two-thirds metal- 
lic, are insoluble in water, except those of the ordinary alkalies. 
But these insoluble phosphates, except those of lead, antimony, 
mercury, and tin, are dissolved by phosphoric acid, and by 
most other acids, through formation of acid phosphates only 
one-third metallic. All non-alkaline bases, then, are precipi- 
tated by phosphates — that is, by common sodium phosphate, 
Na 3 HP0 4 , and other alkali metal phosphates two-thirds metal, 
lie or normal. Precipitated phosphates, except ferric, alumi- 
nium, and lead phosphates, are mostly dissolved by acetic acid. 
Silver phosphate is pale yellow (pyrophosphate, white). For 
Mg, 57 c. 
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301. Phosphorie acid can be separated from alkaline earth 
bases ; thus, in CaHPQ 4 , the acid radical can. be separated from 
the calcium ; by ferric salt and acetic acid, as follows : either 
dissolve in acetic acid, or dissolve in hydrochloric acid and add 
sodium (or potassium) acetate, then add, carefully, ferric chlo- 
ride, not in excess. Ferric phosphate is precipitated, and 
calcium salt left in solution : 

CaCl, + 2H P0 4 + 6NaC a H,O t + Fe,Cl 6 = 

Fe a (P0 4 ), + CNaOl + CaCl, + 6HC.H.O, 

. 802. Any solution containing phosphoric acid and non-alkaline 
bases is precipitated by neutralizing it with any alkali. The 
solution obtained by dissolving calcium phosphate, or other 
alkaline earth phosphate, is precipitated, as phosphate, in the 
third group of bases. In this case, the phosphoric acid radical 
may be removed as directed in 301. 

303. Ammonium molybdate, in its nitric acid solution (196), 
added to solutions containing phosphoric acid) (or phosphate), 
gives a pale yellow precipitate, ammonium phosphomolybdate, 
forming slowly: a delicate test. The reagent must be in 
excess. For traces, set aside several hours. 

304. Orthophosphoric acid, free, H 8 P0 4 , does not precipitate 
solution of ferric chloride (a distinction from both Pyrophos- 
phoric acid and Metaphosphoric acid, also, from orthophos- 
phates). Orthophosphoric acid, and Pyrophosphoric acid, like- 
wise their salts with acetic acid, do not coagulate albumen or 
gelatine (distinction from Metaphosphoric acid). 

At a dull red heat, disodium hydrogen phosphate is con- 
verted into pyrophosphate (the solution giving a white preci- 
pitate with silver nitrate). By the same means sodium dihy- 
drogen phosphate is permanently converted into metaphosphate. 
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Hypophosphoroufl Acid, 

305. Calcium hypophosphite is made*by boiling phosphorus, 
with lime, in water, phosphorous hydride escaping, and taking 
fire in the air, as the bubbles rise. 

3Ca(OH) t + 8P + 6H.O = 3CaH 4 (PO a ), + 2PH, 

From this calcium salt, alkali hypophosphites are manufactured 
by transposing, in solution, with alkali carbonates. 

The salts of hypophosphorous acid, K a PO a , are acid salts, one- 
third metallic, as KaH a PO a and the calcium salt in the equa- 
tion, above, 

306. The hypophosphites are all soluble in water, and 
give no precipitates by transposition. 

They are, however, so strong reducing agents that they pre- 
cipitate silver, mercury, and other salts, by reduction. With 
mercuric chloride, first a white precipitate of mercurous 
chloride, then a gray one of free mercury, is obtained. 

On ignition, hypophosphites decompose, with explosive 
burning of the phosphorous hydride formed, while pyrophosphate 
is left : 

2CaH 4 (PO a ) a = Ca a P a O t + H a O + 2PH, 

The distinctive odor of PH 8 , and its deflagration, make this a 
characteristic reaction. With all oxidizing agents, as chlorates, 
nitrates, permanganates, etc., in dry mixture, hypophosphites 
are violently explosive I 

Boric or Boracic Acid. 

307. Orthoboric acid, H 8 B w 'O g , and metaboric acid, HB'"O a , 
are the chief acids of boron ; by their ignition, boric anhydride, 
B'" a O g , is obtained in a vitreous state. The compound of boron 
having commercial importance is sodium superborate (diborate), 
(NaBO a ) a B g O,, or KTa a B 4 7 , crystallized with 10H a O, as com- 
mon Borax, " Biborate of Sodium " U. S. P. 
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308. The non-alkali borates are insoluble in water, and, 
hence, alkali metal borates in solution precipitate salts of 
most non-alkali bases. With silver nitrate, sodium diborate 
gives a white precipitate of silver borate; normal borates, a 
brown precipitate of silver oxide. With lead salts, and with 
barium and calcium solutions not too dilute, white precipitates 
of normal borates ar$ obtained ; with aluminium salts, alumi* 
.nium hydrate. 

309. All ordinary acids— and in some conditions even car* 
bonic acid — transpose borates, with formation of boric acid. 

A characteristic test is by adding, in an evaporating dish, a 
little sulphuric acid, then adding alcohol (which dissolves borie 
acid), and lighting the alcohol. A green flame, most distinct 
at the lower border of the flame, indicates boric acid. 

310. If a powdered borate, previously calcined, is moistened 
with sulphuric acid and heated on the loop of platinum wire to 
expel the acid, then moistened with glycerine and burned, the 
green flame appears very distinctly (lies). 

Borates, in the inner blow-pipe flame, give the green color to 
the outer flame. 

Silicic Acid. 

311. Silica is silicic anhydride, Si^O,. It is nearly pure in 
rock-crystal, and is the substance of Quartz, Agate, Chalcedony, 
and Flint, the chief part of sand, and enters into the composi- 
tion of a great number of minerals. Glass consists of silicates 
of potassium, sodium, lead, and other bases ; Porcelain is made 
up principally of alumina and silica ; and Soluble Glass, or 
water glass, is a soluble silicate of sodium or potassium. 

Silicic anhydride combines with water to form several silicic 
acids, H 4 Si0 4 , H s SiO„ and others. These acids appear as 
"gelatinous silica," soluble in dilute acids. By a dry heat of 
100° C. (212° F.), silicic acids leave the anhydride, SiO a , in. 
soluble in water and acids. 
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312. The soluble potassium and sodium silicates are formed 
(1) by long fusion of silica or silicates with three or four parts 
of potassium and sodium carbonates, in a porcelain crucible* 
The carbonates of potassium and sodium mixed in about mole- 
cular proportions melt easier than either alone. (2) Boiling 
with solution of potassium or sodium hydrate (in a bright iron 
or silver dish) dissolves silica, and decomposes many silicates* 
forming the alkali metal silicates. 

If, now, the alkaline mass, fused as above, or the alkaline 
solution just mentioned, be treated with hydrochloric acid, in 
excess (that is, to acid reaction), the silicic acid, H 4 8i0 4 , is 
obtained free and dissolved. The bases of the original silicates 
will, in most cases, also dissolve, as chlorides. 

In the test for silica, this acid solution (filtered clear, if need 
be) is evaporated and well dried at 100° C. (212° F.) The 
dried mass is treated with hydrochloric acid. A residue, not 
dissolved by hydrochloric acid, and gritty under the glass rod, 
is silica. 

313. FLXJOBINE cannot well be preserved free, as it com- 
bines with the materials of vessels, except fluor-spar, and on 
contact with water forms hydrofluoric acid, HP. This acid is 
also prepared by transposing calcium fluoride (fluor-spar) with 
sulphuric acid. If silica be present, in this reaction, silicon 
fluoride, SiF 4 , is formed. On passing silicon fluoride into 
water, hydrofluosillcic acid is obtained, (HF) t SlF 4 or H a SLP € . 

314. Hydrofluoric Acid, HF, is colorless gas, soluble in 
water. The solution is kept in gutta-percha bottles ; it quickly 
corrodes glass, porcelain, and the metals except gold and plati- 
num, and lead in a slight degree. Both the solution and its 
vapor act on the flesh as an insidious caustic, causing obstinate 
ulcers. 

315. Calcium fluoride, Fluor-Spar or Fluorite, is the source 
of fluorine compounds. The etching of glass by hydrofluoric 
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acid is done as follows : The glass is thinly and perfectly coated 
with wax, spread. when melted, and the writing or lining is done 
through the wax coat. A paste of coarsely-powdered fluor-spar 
and concentrated sulphuric acid is now spread over the surface 
to be etched (avoiding contact of the vapor with the skin) and 
the article set aside for several hours. 

A test for fluorides is made as above, or by adding concen- 
trated sulphuric acid to the material in a little lead dish, made 
by bending sheet lead, and covering it for some time with a 
piece of glass coated with wax and marked through the wax. 

316, Hydrofluosilioio Acid, H,SiF 6 , formed as stated in 
313, is sometimes used as a precipitant for barium. Its salts 
of barium, sodium, and potassium are nearly insoluble in water, 
quite insoluble if alcohol be added. Most of the other silico- 
fluorides are soluble in water. 
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Tests in the Borax Bead. 



820. Tests by the Blow-pipe, with Borax, on Platinum 

Wire, 

The loop of platinum wire, red hot, is dipped in the powdered 
borax, which is then fused to a clear bead. The hot bead is 
brought in contact with the substance (in powder), and fused 
again until clear, first in the outer or oxidizing flame, then in 
the inner or reducing flame, 

In the table, h signifies the hot bead ; c, cold bead ; sups*, 
supersaturated with the substance tested; 8.S., strongly satu- 
rated. 



Color of the 
Bead. 


In outer, or oxidizing 
Flame. 


In inner, or reducing* 
Flame. 


Yellow or 
Brownish. 


h. } not sat. Iron. 


A. Molybdenum. 


Bed. 


h. Iron, 
c. Nickel, 


c. Copper (sups., 
opaque). 


Violet or 
Amethyst. 


Manganese. 

h. (Nickel with Cobalt.) 




Blue, 


h. and c. Cobalt, 
c. Copper, 


A. and c. Cobalt, 


Green. 


c f Chromium, 
K Copper, 

(Iron with Cobalt or 
Copper,) 


Chromium. 
sups. Iron, 



Dissolving of Solids. 153 

COCTnBBSlOK OF solids into liquids. 

321. Before the fluid reagents can be' applied, solids must be 
reduced to liquids. To obtain a complete solution the follow* 
ing steps must be observed : 

First The solid, reduced to a fine powder, is boiled in ten 
times its quantity of water. Should a residue (a) remain, it is 
allowed to subside, and the clear liquid poured off or separated 
by filtration* A drop or two, evaporated on glass, or clean 
and bright platinum foil, will give a residue, if any portion has 
dissolved. Also, the solution may be .tested for the metals of 
the groups. If a solution is obtained, the residue (a), if any, is 
exhausted and well washed with hot water. 

Second. The residue (a), insoluble in water, is digested some 
time with hot hydrochloric acid. The residue (b), if any re- 
mains, is separated by filtration and washed, first with a little 
of this acid, then with water. The solution, with the washings, 
is reserved. 

Third. The well- washed residue (b) is next digested with 
hot nitric acid. (Observe if there are any vapors of nitrogen 
oxicfes, indicating that a metal or other body is being oxidized, 
also if sulphur separates, 2T7 a.) If any residue (c) remains it 
is separated by filtration and washing, first with a little acid, 
then with water, and the solution reserved. 

Fourth. Should a residue (c) remain, it is to be digested 
with nitro-hydrochloric acid, as directed for the other solvents. 
If this does not dissolve it all, the residue (d) is treated accord- 
ing to Fifth* 

The acid solutions are to be evaporated nearly to dryness 
and then redissolved in water, acidulating, if necessary, to keep 
the substance in solution. 

Fifth. Should the substance under examination prove in- 
soluble in acids, it is likely to be either a sulphate (of barium, 
strontium, or lead), a chloride or bromide (of silver or lead), a 
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silicate, or fluoride ; and it must be fused with a fixed alkaline 
carbonate, when the constituents are transposed in such a man- 
ner as to render them soluble. The water solution of the fused 
mass will be found to contain the acid ; the residue, insoluble 
in water, will contain the base, now soluble in hydrochloric or 
nitric acid (compare 145). 

If more than one solution be obtained, by the several trials 
with solvents, the material contains more than one compound, 
and the solutions (First, Second, Third, etc.,), as separated by 
filtration, should be preserved separately, as above directed, 
and analyzed separately. The separate results, in many cases, 
indicate the original combination of each metal. 
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[From the Chemical News (London), June 15, 1877 ; xxxv., 251.] 

This book ["DOUGLAS AND PBESCOTTS QUALITATIVE CHEMICAL 
ANALYSIS "] is in reality, as its second title affirms, a guide in the practical study of 
chemistry and in the work of analysis. It is not a mere body of directions to be blindly 
followed by the student without his having learnt the reason why. If this book be 
faithfully studied, the habits of " automatic operation " and " superficial observation " 
—too often the only acquirements learnt in a laboratory— will be accompanied by a 
sound knowledge of the principles on which the plans of qualitative analysis are based. 
Indeed, if we had before us for review nothing but one more mere manual of analysis, 
distinguished from the ever-increasing crowd of such manuals, to which the attention 
of teachers and learners is being continually called, by no distinctive superiority, we 
doubt whether our readers would have thanked us for noticing the book. But the 
volume before us shows so many marks of ability in its conception, and care in its 
execution, that it is a real pleasure to speak decisively in its favor. 

In criticising a volume on chemical analysis, the minuter details of the treatment 
adopted would be out of place. But we may give our readers a summary of the con- 
tents of the book, and we may also convey some notion of the style in which the sub- 
ject is handled in a very few lines. 

After a few preliminary remarks, very sound and intelligible, on the study of 
chemical analysis, we reach the two chief chapters of the book, relating to the reactions 
of the metals and acids, respectively., Here the rarer metals and non-metals are intro- 
duced, but the rarer organic acids are excluded as not admitting of adequate discussion 
in a manual for students' use. Indeed, if we include such organic acids as succinic 
and salicylic in a handbook of ordinary qualitative analysis, such organic bases as 
methylamine and quinine can scarcely be omitted. Nearly two hundred pages are thus 
occupied with what may be called the comparative chemistry of the metals and bases 
of the non-metals and acids. There is no shirking of explanations. Reactions are duly 
displayed, while a running commentary explains at once why certain properties and 
changes are utilized in the processes of separation, and, also, how this is done. That 
the reactions are chronicled ?f|k adequate fulness may be gathered from a single 
example which we take, haphaSR, from the account of iron compounds, which occu- 
pies more than five pages (47 to 52) : 

"Iron dissolves in hydrochloric acid and in dilute sulphuric acid, to ferrous salts, 
with liberation of hydrogen (a) ; in moderately dilute nitric acid, with heat, to ferric 
nitrate, liberating chiefly nitric oxide (b) ; in cold dilute nitric acid, forming ferrous- 
nitrate with production of ammonium nitrate (c) y of nitrous oxide (<Q> or of hydro- 
gen (e) : 

a. Fe -KHaSO* = FeS0 4 + 2H. 

b. 2Fe + 8HN0 3 = Fe 3 (N0s)„ + 2NO + 4H a O. 

c. 4Fe -f lOHNOs = 4Fe(NO a ) a -f NH 4 NO, + 8H a O. 

d. 4Fe -f IOHNO3 = 4Fe(N0 8 ) a + N a O + SH*0. 

e. Fe -f 2HN0 3 = Fe(K0 8 ) a -f 2H." 

After the foregoing reactions and plans of separation, we find a concise account of 
the "Preliminary Examination," including blow-pipe analysis ; then follows the syste- 
matic analysis of solutions, and a full account of the solubilities of salts. The two 
pages (245-6) devoted to Reagents do not suffice for a useful discussion of this subject. 
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. [From the American Journal of Pharmacy (Philadelphia), May, 1875 ; xlvii., 236.] 

A work like this ["PRBSCOTT'S PROXIMATE ORGANIC ANALYSIS 1 '] has 
been needed for a long time, and although it does not cover as much ground as we 
should have desired for it, yet it is a very valuable addition to our literature, and will 
prove of great service to those engaged in proximate analysis, since there is not, to oar 
knowledge, another work in the English language in which the same kind of informa- 
tion is given in snch a comprehensive and conveniently-arranged style. The author 
himself states that " this compilation is fragmentary and very brief," and we have, 
therefore, no reason to find fault with the absence of snch compounds as gentiopicrin, 
arbutin, etc., or with the brevity with which a number of the alkaloids and neutral 
principles have been treated. 

[From the Chemical News (London), July 28, 1875.] 

Proximate organic analysis may be described as a comparatively untrodden field. 
The best authorities at our disposal do little more than give us the directions for de- 
tecting, isolating, and determining a few of the best-known organic acids and bases. 
. . . Under these circumstances, we naturally welcome every chemist who attempts 
to supply so important a desideratum. Mr. Prescott arranges the substances of which 
he treats as solid fixed acids ; solid volatile acids ; liquid fixed acids ; liquid volatile 
acids ; fatty acids, liquid and solid ; neutral substances ; bases ; glucosides ; nitro- 
genous neutral bodies ; carbohydrates, and alcohols. . . . We trust that he [Mr. 
Prescott] will find ample opportunity to continue the important undertaking upon 
which he has entered. 

[From the Journal of Applied Chemistry, Jan., 1875.] 

The first and only book published in the English language which attempts to give 
in a concise form the reactions of organic substances. ... A great service to the 
analyst. 

[From the Mining Journal (London), March 90, 1875.] 

An outline which, if not perfect, will assuredly form the basis upon which future 
systematic methods of organic analysis will be budflfe. . . A work which is well 
worthy of recognition as a text-book, both in England, and America, and upon the 
utility and completeness of which he [the author] may well be congratulated. 

[From the Quarterly Journal of Science, London.] 

We may finally characterize this work [" PRESCOTT'S CHEMICAL EXAMINA- 
TION OF ALCOHOLIC LIQUORS "] as a valuable complement to the labors of Mr. 
Allen, Professor Wanklyn, and others of the much-abused public analysts who are 
successfully striving to place the chemical examination of food upon a sound and sure 
basis. 

[From the New York Tribune, March 5, 1875.] 

It abounds in details of great interest for popular use, no less than in a scientific 
point of view, comprising much valuable knowledge in a small compass. 

[From the Chemical News (London), Sept. 24, 1875.] 

The author gives, in a terse, compact form, a great amount of information on alco- 
holic beverages— their normal constituents, their impurities, and the intentional 
sophistications to which they arc liable. . . . This little volume will prove highly 
useful to the public analysts. 

[From the Popular Science Monthly, April, 1875.] 

Concentrates the rays of the latest chemical science upon the subject of spirituous 
liquors. ... Its special value will be to chemists. 
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A Practical Treatise on Chemistry (Qualitative and Quantitative 
Analysis), Stoichiometry, Blowpipe Analysis, Mineralogy, Assaying, 
Pharmaceutical Preparations, Human Secretions, Specific Gravities, 
Weights and Measures, etc., etc., etc. By Henry A. Mott, Jr., E. M., 
Ph. D. 

Beilstein's Chemical Analysis. 

12mo. Cloth. 75c. 

Ah Introduction to Qualitative Chemical Analysis. By F. Beil- 
stein. Third edition, translated by I. J. Osbun. 



Caldwell & Breneman's Chemical Practice. 

8vo. Cloth. 188 pages. Illustrated. New and Enlarged edition. $1.50. 

Manual op Introductory Chemical Practice, for the use of Students 
in Colleges and Normal and High Schools. By Prof. Geo. C. Cald- 
well and A. A. Breneuan, of Cornell University. Second edition, 
revised and corrected. 
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Gillmore's Limes and Cements. 

Fifth Edition. Revised and Enlarged. 8vo. Cloth. $4.00. 

Practical Treatise ok Limes, Hydraulic Cements, and Mo* 
tars. By Q. A. Gillmore, Lt-CoL U. S. Corps of Engineers 
Brevet Major-General U. S. Army. 

Gillmore's Ooignet Beton. 

Nine Plates, Views, etc. 8vo. Qotfa. $2J0. 

Coignet Beton and Other Artificial Stone. — By Q. A. Gill- 
more, Lt.-CoL U. S. Corps of Engineers, Brevet Major-General U.S. 
Army. 

Gillmore on Roads. 

Seventy Dlnstratlons. 12mo. Cloth. $2.00l 

a Practical Treatise ox the Construction of Boads, Streets, 
and Pavements. By Q. A. Gillmore, Lt.-Col. U. S. Corps of 
Engineers, Brevet Major-General U. S. Army. 



G-illmore's Building Stones. 

8to. Cloth. $1.00. 

Report on Strength of the Building Stones in the United 

States, etc 

Holley's Railway Practice. 

1 vol. folio. Cloth. $12.00. 

American and European Railway Practice, in the Economical 
Generation of Steam, including the materials and construction of 
Coal-burning Boilers, Combustion, the Variable Blast, Vaporization, 
Circulation, Super-heating, Supplying and Heating Feed-water, &c., 
and the adaptation of Wood and Coke-burning Engines to Coal- 
burning; and in Permanent Way, including Road-bed, Sleepers, 
Rails, Joint Fastenings, Street Railways, etc., etc. By Alexander 
L. Hollet, B.P. With 77 lithographed plates. 

Useful Information for Railway Men. 

Pocket form. Morocco, gilt. $2.00. 

Compiled by W. G. Hamilton, Engineer. New Edition! Revised 
and Enlarged. 577 pages. 
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Stuart's Civil and Military engineers of 

America. 

8vo. Illustrated. Cloth. $5.00. 
Tb t Civil and Military Engineers of America. By General 
Cr.ARLES B. Stuart, Author of " Naval Dry Docks of the United 
States/ 9 etc, etc Embellished with nine finely-executed Portraits 
on steel of eminent Engineers, and illustrated by Engravings of some 
of the most important and original works constructed in America. 



Ernst's Manual of Military Engineering. 

193 Wood-cats and 3 Lithographed Plates. 12mo. Clcth. $5.00 
A Manual or Practical Military Engineering. Prepared for 
the use of the Cadets of the U. S. Military Academy, and for Engineer 
Troops. By Capt O. H. Ernst, Corps of Engineers, Instructor in 
Practical Military Engineering, U. S. Military Academy. 

Simms' Levelling. 

12mo. Cloth. $&50i 

A Treatise on the Principles and Practice or Levelling* 
showing its application to purposes of Railway Engineering and the 
Construction of Roads, etc By Frederick W. Simms, C.E. From 
the fifth London edition, Revised and Corrected, with the addition of 
Mr. Law's Practical Examples for Setting-out Railway Curves. 

Illustrated with three lithographic plates and numerous wood-cuts. 

— — ^— — — — -^ ^v i^^-^^—^i^-^ 

Jeffers' Nautical Surveying. 

Illustrated with 9 Copperplates and 31 Wood-cut Illustrations. 8vo. Cloth. $5.0A 
Nautical Surveying. By William N. Jeffers, Captain U. S. 
Navy. 

Text-book of Surveying. 

. 8vo. 9 Lithograph Plates and several Wood-cuts. Cloth. $2.00. 

A Text-book on Surveying, Projections, and Portable Instruments, 
for the use of the Cadet Midshipmen, at the U. S. Naval Academy. 

The Plane Table. 

8vo. Cloth. $2.00. 

In Uses in Topographical Surveying. From the papers of tht 
U. S. Coast Survey. 
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Cliauvenet's Lunar Distances. 

8vo» Goth. $240. 
Hew Method or Correcting Lunar Distances, and Improved 
Method of Finding the Error and Bate of a Chronometer, by equai 
altitudes. By Wm. Chauvenet, LL.D., Chancellor of Waahiogtoa 
University of St Louis. 

Burt's Key to Solar Compass. 

8econd Edition. Pocket-book form. Tack. $150. 

Kit to the Solar Compass, and Surveyor's Companion ; comprising 
all the Rules necessary for use in the Field ; also Description of the 
Linear Surveys and Public Land System of the United States, Notes 
on the Barometer, Suggestions for an Outfit for a Survey of Four 
Months, etc. By W. A. Burt> U. S. Deputy Surveyor. 

Howard's Earthwork Mensuration. 

8vo. Illustrated. Cloth. $1.00. 

Earthwork Mensuration on the Basis of the Priskoidal 
Formula. Containing simple and labor-saving method of obtaining 
Prismoidal Contents directly from End Areas. Illustrated by 
Examples, and accompanied by Plain Rules for practical uses. By 
Conway R. Howard, Civil Engineer, Richmond, Va. 



IMorris* Easy Rules. 

78 Illustrations. 8vo. Goth. $1.50. 
East Rules for the Measurement of Earthworks, by means of 
the Prismoidal Formula. By Elwood Morris, Civil Engineer. 

Clevenger's Surveying. 

Illustrated Pocket Form. Morocco, gilt $2.50. 
A Treatise on the Method of Government Surveying, as 
prescribed by the U. S. Congress and Commissioner of the General 
Land Office. With complete Mathematical, Astronomical, and Prac- 
tical Instructions for the use of the U. S. Surveyors in the Field, and 
Students who contemplate engaging in the business of Publ'c Land 
Surveying. By S. V. Clevenger, U. S. Deputy Surveyor. 

Hewson on Embankments. 

8vo. Cloth. $2.00. 

Principles and Practice of Embanking Lands from Rive* 
Floods, as applied to the Levees of the Mississippi By William 
F^wson. Civil Engineer 
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Minifie's Mechanical Drawing. 

Ninth Edition. Royal 8vo. Cloth. $4.00. 

A. Tkxt-Book or Geometrical Drawing, for the use of Mechanic! 
and Schools. With illustrations for Drawing Flans, Sections, and 
Elevations of Buildings and Machinery ; an Introduction to Isometri- 
cal Drawing, and an Essay on Linear Perspective and Shadows. 
With over 200 diagrams on steel. By William Mikifxb, Architect. 
With an Appendix on the Theory and Application of Colors. 

Minifie's Geometrical Drawing. 

New Edition. Enlarged. 12mo. Cloth. $2.00 

Geometrical Drawing. Abridged from the octavo edition, for thf 
use of Schools. Illustrated with 48 steel plates. 



Free Hand Drawing. 

Profusely Illustrated. lSmo. Boards. 00 cents, 

A Guide to Ornamental, Figure, and Landscape Drawing. By an 
Art Student. 



The Mechanic's Friend. 

9 

12mo. Cloth. 900 Illustrations, $1.00. 

The Mechanic's Friend. A Collection of Receipts and Practical 
Suggestions, relating to Aquaria — Bronzing — Cements — Drawing- 
Dyes — Electricity — Gilding — Glass-working — Glues — Horology — Lac- 
quers — Locomotives — Magnetism — Metal- working— Modelling— Pho- 
tography— Pyrotechny — Railways — Solders — Steam-Engine — Tele- 
graphy — Taxidermy — Varnishes — Waterproofing — and Miscellaneous 
Tools, Instruments, Machines, and Processes connected with the 
Chemical and Mechanical Arts. By William E. Axon, M.R.S.L. 



Harrison's Mechanic's Tool-Book. 

44 Illustrations. 12ma Cloth. $1.50. 

Hjccn ANtcs' Tool Book, with Practical Rules and Suggestions, for the 
use of Machinists, Iron Workers, and others. By W. B. Harrison. 

Randall's Quartz Operator's Hand-Book. 

. 12mo. Cloth. $2.00. 

Quarts Operator's Haxd-Book. By P. M. Randall. New 
edition. Revised and Enlarged. Fully illustrated 
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Joynson on Machine Gearing. 

8vo. Cloth. $2.00. 
Tux Mechanic's and Student's Guide in the designing and Con 
struction of General Machine Gearing, as Eccentrics, Screws, Toothed 
Wheels, etc., and the Drawing of Rectilineal and Curved Surfaces. 
Edited by Francis H. Joynson. With 13 folded plates. 

Maxwell's Matter and Motion. 

16mo. Boards. 216 pages. 60c. 

Matter and Motion. By Prof. J. Clark Maxwell. 



Barnes* Submarine Warfare. 

8vo. Cloth. $0.00. 
JusMABiNX Warfare, Defensive and Offensive. Descriptions 
of the various forms of Torpedoes, Submarine Batteries and Torpedo 
Boats actually used in War. Methods of Ignition by Machinery, 
Contact Fuzes, and Electricity, and a full account of experiments 
made to determine the Explosive Force of Gunpowder under Water. 
Also a discussion of the Offensive Torpedo system, its effect upon 
Iron-clad Ship systems, and influence upon future Naval Wars. By 
Lieut.-Com. John S. Barnes, U.S.N. With twenty lithographic 
plates and many wood-cuts. 

Foster's Submarine Blasting. 

4to. Cloth. $3.50. 
Submarine Blasting, in Boston Harbor, Massachusetts — Removal of 
Tower and Corwin Bocks. By John G. Foster, U. S. Eng. and 
Bvt M^jor-General U. S. Army. With seven plates. 



Plympton's Aneroid Barometer. 

16mo. Boards, illustrated, 50c Morocco, $1.00. 

The Aneroid Barometer : Its Construction and Use, compiled from 
several sources. 



Williamson on tlie Barometer. 

4 to. Cloth. $15.00. 

On the Use of the Barometer on Surveys and Beconnais* 
saxces. Part I. — Meteorology in its Connection with Hypsometry. 
Part IT. — Barometric Hypsometry. By B. S. Williamson, Bvt 
Lt.-Col. U. S. A., Major Corps of Engineers. With illustrative tables 
and engravings. 
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Williamson's Meteorological Tables. 

4to. Flexible Cloth. $2.00. 

Practical Tables in Mkteobologt and Hypsometby, in connection 
with the use of the Barometer. By Col. R S. Williamson, U.S. A. 



Butler's Projectiles and Rifled Gannon. 

4ta Senates. Cloth. $7.50. 

Projectiles and Rifled Cannon. A Critical Discussion of the 
Principal Systems of Rifling and Projectiles, with Practical Sugges- 
tions for their Improvement By Capt John S» Butler, Ordnance 
Corpe^U. S. A. 

Ben6t's Ohronoscope. 

Second Edition. Illustrated. 4to. Cloth. $3.00, 

Electro-Ballistic Machines, and the Schultz Chronoscope. By 
Lt-CoL a Y. Benet, Chief of Ordnance U. S. A. 



Michaelis' Chronograph. 

4to, Illustrated. Cloth. $3.00, 

The Lb Boulengb 1 Chronograph. With three lithographed folding 
plates of illustrations. By Bvt Captain O. £. Michaelis, Ordnance 
Corps, U. S. A. 

Nugent's Optics. 

12mo. Cloth. $1.60. 

Treatise on Optics ; or, Light and Sight, theoretically and practically 
treated; with the application to Fine Art and Industrial Pursuits. 
By £• Nugent. With 103 illustrations. 

Peirce's Analytic Mechanics. 

i 4*0. Cloth. $10.00. 

Bystkm of Analytic Mechanics. By Benjamin Peirce, Pro* 
lessor of Astronomy and Mathematics in Harvard University. 

Craig's Decimal System. 

Square 32mo» Limp. 50c 

Weights and Mbasubes. An Account of the Decimal System, with 
Tables of Conversion for Commercial and Scientific Uses. By B. F. 
Craig, M.D. 
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Alexander's Dictionary of Weights and 

Measures. 

New Edition. 8vo. Cloth. $3.50. 
Universal Dictionary of Weights and Measures, Ancient and 
Modern, reduced to the standards of the United States of America. 
By J. H. Alexander. 

Elliot's European Light-Houses. 

51 Engravings and 21 Wood-eats. 8va Cloth. $5.00. 
European Light-House Systems. Being a Report of a Tour of 
Inspection made in 1873. By Major George H. Elliot, U. S. 
Engineers. % 

Sweet's Report on Coal. 

With Haps. 8to. Cloth. $3.00. 

Special Report on Coal. By S. H. Sweet. 



Colburn's G-as Works of London. 

12mo. Boards. 60 cents. 
Gas Works of London. By Zerah Colburn. 

Walker's Screw Propulsion. 

tfeS*^ 8vo. Qoth. 75 cents. 

Notes on Screw Propulsion, its Rise and History. By Capt W. H 
Walker, U. S. Navy. 

Pook on Shipbuilding. 

8vo. Cloth. Illustrated. $5.00. 

Method of Preparing the Lines and Draughting Vessels 
Propelled by Sail or Steam, including a Chapter on Laying-off 
on the Mould-loft Floor. By Samuel M. Pook, Naval Constructor. 

Saeltzer's Acoustics. 

12mo. Cloth. $2.00. 
Treatise on Acoustics in connection with Ventilation. By Alex- 
ander Saeltzer. 



Eassie on "Wood and its Uses. 

250 Illustrations. 8vo. Cloth. $1.50. 

A Hand-book for the Use of Contractors, Builders, Architects, 
Engineers, Timber Merchants, etc., with information for drawing up 
Designs and Estimates. 
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Wanklyn's Milk Analysis. 

12ma Goth. $1.00. 

time Analysis.. A Practical Treatise on the Examination of Milk, 
and its Derivatives, Cream, Butter, and Cheese. By J* Alfred 
Wanklyn, M.R.C.S. 



Rice & Johnson's Differential Functions. 

Paper, 12mo, 50 cents. 

On a New Method of Obtaining the Differentials of Func- 
tions, with especial reference to the Newtonian Conception of Rates 
or Velocities. By J. Minot Bice, Prof, of Mathematics, U. S. Nary, 
and W. Woolsey Johnson, Prof, of Mathematics, St. John's 
College, Annapolis. 



Coffin's Navigation. 

Fifth Edition. 12mo. Cloth. $3.00. 



Navigation and Nautical Astronomy. Prepared f or the nse of 
the U. S. Naval Academy. By J. H. C. Coffin, Professor of 
Astronomy, Navigation and Surveying ; with 52 wood-out illustra- 
tions. 



Clark's Theoretical Navigation, 

8vo. Cloth. $3.<XX 

Theoretical Navigation and Nautical Astronomy. By Lewis 
Clark, Lieut-Commander, U. S. Navy. Illustrated with 41 wood* 
cuts, including the Vernier. 



Toner's Dictionary of Elevations. 

8vo. Paper, $3.00 Cloth, $3,75. 

Dictionary of Elevations and Climatic Register of the 
United States. Containing, in addition to Elevations, the Latitude, 
Mean Annual Temperature, and the total Annual Rain Fall of many 
Localities ; with a brief introduction on the Orographic and Physical 
Peculiarities of North America* By J. M. Toner, M.D. 
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Loring's Magnetic Telegraph. 

18mo. Illustrated. Paper boards, 60c Cloth, 75c. Morocco, $1.00. 

A Hand-Book of the Electko Magnetic Telegraph. By A. E. Lob. 
ing, a practical Telegrapher. 



Davis & Hae's Electrical Diagrams. 

Oblong 8vo. Cloth extra. $2.00. 

Hand-Book of Electrical Diaobam8 and Connections. By Charles 
H. Davis and Frank B. Rae. Illustrated with 82 full page Illustra- 
tions. Second edition. 



Pope's Modern Practice of the Electric 

Telegraph. 

Ninth Edition. 8vo. Cloth. $2.00. 

A Hand-book for Electricians and Operators. By Frank L. Pope. 
Ninth Edition. Revised and enlarged, and fully illustrated. 



Sabine's History of the Telegraph. 

Second Edition. 12mo. Cloth. $1.25. 

History and Progress of the Electric Telegraph, with Descrip- 
tions of some of the Apparatus. By Robert Sabine, C. E. 



Haskins' Galvanometer. 

16mo. Illustrated. Morocco. $1.50. 

The Galvanometer and its Uses ;— A Manual for Electricians and 
Students. By C. H. Haskins. 



Larrabee's Secret Letter and Telegraph- 

18mo. Cloth. $1.00. 

Cipher and Secret Letter and Telegraphic Code, with Hogg's Im- 
provements. By C. S. T.ATmATlffitt. . 
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Rose's Pattern Maker. 

. 8to. Cloth. 850 pages. $2.50. 

The Pattern Makers' Assistant, embracing Lathe Work, Branch 
Work, Core Work, Sweep Work, and Practical Gear Construcions, the 
Preparation and Use of Tools, together with a large collection of use- 
ful and valuable Tables. By Joshua Rose, M. E. Illustrated with 250 
Engravings. 

Scribner's Pocket Companion. 

16mo. 264 pages. Full Morocco. 11.50. 

Engineers' and Mechanics 9 Companion, comprisJng United States 
Weights and Measures ; Mensuration of Superfices and Solids ; Tables 
of Squares and Cubes ; Square and Cube Roots ; Circumference and 
Areas of Circles ; the Mechanical Powers ; Centers of Gravity ; Gravita- 
tion of Bodies ; Pendulums ; Specific Gravity of Bodies ; Strength, 
Weight and Crush of Materials ; Water Wheels ; Hydrostatics ; Hy- 
draulics ; Statics ; Centers of Percussion and Gyration ; Friction Heat ; 
Tables of the Weight of Metals ; Scantling, etc. ; Steam and the Steam 
Engine. By J. M. Scribner, A. M. Eighteenth edition, revised. 



Scribner's Table-Book. 

16mo. 264 pages. Fall Morocco. $1.50. 

Engineers', Contractors' and Surveyors' Pocket Table-Book : Com- 
prising Logarithms of Numbers, Logarithmic Signs and Tangents, Natu- 
ral Signs and Natural Tangents, the Traverse Table, and a full and 
complete set of Excavation and Embankment Tables, together with 
numerous other valuable tables for Engineers, etc By T. M. Scrib- 
, A. M. Tenth edition, revised. 



Farming's Water-snpply Engineering. 

8vo. Cloth. 619 pages. $6.00. 

Treatise on the Theory and Practice op Gathering and Storing 
Water por Power and Domestic Use. Fully Illustrated with De- 
signs and Diagrams. 



Plympton's Planisphere. 

Printed in Colors on fine Card Board, and in accordance with Proctor's Star 

Atlas. $1.00. 

The Star Finder or Planisphere, with Movable Horizon* Ar- 
ranged by Prof. G. W. Plympton, A. M. 



20 SCIENTIFIC BOOKS PUBLISHED BY 

■ ' ■ . i. | ,. II .1 ■ I I I i .1 II I ■ !■— Ml 

Schumann's Heating? and Ventilation. 

12mo. Morocco. ' f 1.50. 

A Manual of Heating and Ykntilation in its Practical Applica- 
tion for the use of Engineers and Architects, embracing a series of 
Tables and Formulae for dimensions of Heating, flow and return Pipes 
for steam and hot water boilers, flues, etc., etc. By F. Schumann, 
C. E., U. S. Treasury Dept. Illustrated. 



Clark's Complete Book of Reference fbr Me- 
chanical Engineers. 

Large 8 vo. 1C\2 pages. Cloth. $7.50. Half Morocco. $10.00. 

A Manual of Rules, Tables and Data fob Mechanical Engineers, 
Based on the most recent investigations. By Daniel Kinneab Clark. 
Illustrated with numerous Diagrams. 



Weyrauch's Iron and Steel Constructions. 

12mo. Goth. $1.00. 

Strength and Calculation of Dimensions of Iron and Steel Con- 
structions, with reference to the latest experiments: " By J. J. "Wey- 
rauch, Ph. D., Professor Polytechnic School of Stuttgart, with four 
folding plates. 



Jannettaz on Hocks. 

12mo. Cloth. 108 pages. $2.00. 

A Guide to the Determination of Rocks, being an Introduction to 
Lithology. By Edward Jannettaz. Translated from the French by 
Geo. W. Plympton, C. E., A. M. Illustrated. 



Shield's Notes on Engineering Construction. 

12mo. Cloth. $1.50. 

Embracing Discussions of the Principles involved and Descriptions of 
the Material employed in Tunneling, Bridging, Canal and Road Build- 
ing, etc., etc. By J. E. Shields, C. E. 
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EdJy's Graphical Statics. 

8vo. Cloth. 122 pages. $1.60. 

Researches in Graphical Statics, embracing New Constructions in 
Graphical Statics, a new General Method in Graphical Statics, and the 
Theory of Internal Stress in Graphical Statics. By Prof. Henry T. 
Eddy, of the University of Cincinnati. 



Half Hours -with. .Modern Scientists. 

2 vols. 12mo. Cloth. Illustrated. $2.50. 

Lectures and Essays. By Professors Huxley, Barker, Stirling, 
Cofe, Tyndall, Wallace, Roscob, Huggins, Lockyer, Young, 
. Mayer, and Reed. . Being the University Series bound up. With a 
general introduction by Noah Porter, President of Tale College. 



Shunk's Engineers Pocket Book. 

12mo. Morocco. 
The Field Engineer. A handy book of Practice In the Survey, Loca- 
tion, and Trackwork of Railroads, containing a large collection of Rules 
and Tables, original and selected, applicable to both the Standard and 
Narrow Gauge, and prepared with special reference to the wants of the 
Young Engineer. By Wm. Findlay Shunx, C. E., Chief Engineer of 
the Construction of the Metropolitan Elevated Railroad. (In Press.) 



. Adams' Sewers and Drains. 

12mo. Cloth. 

Sewers and Drains fob Populous Districts. Embracing Rules and 
Formulas for the dimensions and construction of works of Sanitary 
Engineers. By Julius Adams, C. E. (In press.) 



MbElroy's Papers on Hydraulic Engineering: 

8to. Paper. 60 cents. 

The Hempstead Storage Reservoir of Brooklyn, its Engineering 
Theory and Results. By Samuel McElboy, C. E. 
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Spinoza's Ethics. 

8vo. Qoth. $3.00. 

The Ethics of Benedict db Spinoza. Demonstrated after. the method 
of Geometers, and Divided into Five Parts. From the Latin ; with an 
introductory Sketch of his Life and Writings. 
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